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Tooth eruption is associated with variations in intrauterine and postnatal growth. Both 
premature and delayed timing of this physiological process may be a manifestation of 
local and/or systemic alterations. A variety of physical disturbances have historically 
been attributed to teething. Presently, most clinicians agree that teething does not 
cause life-threatening illness, but they disagree about which symptoms may be 
associated with tooth eruption. The distinctive clinical presentation of dental caries in 
infants and toddlers, which is often known as early childhood caries (ECC), has been 
demonstrated to be influenced by the eruption sequence of the primary dentition. 
Previous research on prevalence and incidence of dental caries, specifically in infants 
and toddlers, are limited and their data have been often put together into wide-ranging 
age categories. Partial evidence exists in the context of ECC development, pathways, 
and disease rates in infants and toddlers. Consequently, a high number of prevention 
programs have been aimed at mothers/primary caregivers and fewer programs have 
been aimed at preschool children. No major attempt has been made to examine the 
oral-systemic link of ECC particularly in infants and toddlers in Singapore. 
 
This study aimed to: (a) identify the timing and determinants of primary teeth 
eruption; (b) characterize the prevalence and determinants of teething problems; (c) 
identify the significant ECC risk factors from pre-, peri-, and post-natal periods for 
the development and validation of infant caries risk assessment/prediction models. As 
part of the GUSTO birth cohort in Singapore, the oral health study from 6- to 18-
month time point consisted of simple oral examinations and a short interviewer-
administered questionnaire, while the 24-month time point consisted of an 
interviewer-administered questionnaire, tooth/tongue biofilm sample collection, and 
oral examinations conducted by a certified dental professional. A range of regression 
x 
 
models were constructed with the use of pre-, peri- and post-natal factors/indicators. 
The major findings were as follows:  
a. The mean eruption timing of the first tooth among children born at NUH/KKH 
and recruited between 2009 and 2010 by GUSTO was 8.5 months. The eruption 
timing of the first tooth was observed to be earlier in Chinese babies. Similarly, 
the caries prevalence was higher in this ethnic group when compared to Malays 
and Indians.   
b. Teething problems were reported in 70% of the children within the first 18 months 
of life and a caries prevalence rate of 18% was observed within the GUSTO 
cohort. Dietary patterns during pregnancy and confinement period were shown to 
play an important role in the eruption timing of the first tooth, the susceptibility of 
having teething problems and the development of dental caries in the primary 
dentition. 
c. Events influencing both maternal and child health during pregnancy and early 
infancy were reflected in the different oral health outcomes. 
 
Most of the oral-systemic links have been identified in “pathological” 
subpopulations/conditions and few on a normal population like this study. Based on 
current findings, pertinent time-effect factors were identified that may be used for 
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The eruption of the primary dentition begins approximately 4-8 months of age and is 
completed by the time the child has reached 30-36 months of age (Markman, 2009). 
Though the time of formation, calcification and eruption of the primary dentition 
follow a regular cycle, it is subject to, like every biological process, individual 
variations (Ramos et al., 2006). Variations in tooth eruption timing have been studied 
for many years and their importance has been noted. However, only a specific range 
of factors affecting this physiological event has been studied in the primary dentition. 
Similarly, relatively few studies cover the prevalence and incidence of early 
childhood caries (ECC) in infants and toddlers, and the data available are often 
compiled into wide-ranging age categories. In general, the prevalence of caries in 
preschool children seems to be on the decline or the trend has stabilized in most 
developed countries (Holm, 1990; Nordblad et al., 2004) but may be increasing in 
some developed and several developing countries (CDC, 2007; Pitts and Palmer, 
1995). Consequently, a considerable proportion of young children are still affected by 
dental caries. Though numerous studies have been conducted on early childhood 
caries, few follow its development from birth till infancy. This study serves as a tool 
to monitor oral health in young children over time, providing an insight into potential 
factors causing delay/premature tooth eruption and development of caries in the 







1.2 Tooth Development  
 
Tooth development initiates when the oral ectoderm undergoes focal bud-like 
thickenings during the sixth week of embryonic life. This determines the positions of 
the future teeth (Lumsden, 1988). Along with a surrounding aggregation of 
ectomesenchymal cells, they represent the earliest stage of the tooth germ (Miletich 
and Sharpe, 2004). At a later stage, the epithelial bud transforms into a cap known as 
enamel organ, which transforms into a bell-shaped structure due to the formation of a 
concavity along the inner surface. Within the enamel organ, there are three different 
components: 1) the inner enamel epithelium facing the dental papilla (formed by the 
ectomesenchymal cells lying within the concavity and subsequently becomes the 
dental pulp); 2) the outer enamel epithelium lying adjacent to the dental follicle 
(formed by mesenchymal cells surrounding enamel organ and contains the tooth germ) 
and; 3) the stellate epithelium.  
 
From the bell stage and onwards, reciprocal inductive events cause the inner enamel 
epithelium and adjacent dental papilla cells to develop into enamel-forming 
ameloblasts and dentin-producing odontoblasts, respectively (Thesleff et al., 2001). 
The inner and outer enamel epithelial cells join and proliferate in a downward to 
surround an increasing part of the dental papilla which eventually forms Hertwig’s 
root sheath (Luan et al., 2006). This epithelial cuff is responsible for the development 
of root dentin and cementum. Remnants of Hertwig’s root sheath are known as rest of 
Malassez and they are permanent clusters of epithelial cells in the periodontal 
ligament (Zeichner-David et al., 2003). Once the formation of the crown is complete, 
the enamel organ atrophies and the stellate reticulum disappear. A reduced enamel 
epithelium is covered by both inner and outer enamel epithelium, which subsequently 
degenerates and mediates the initial epithelial attachment to the erupting tooth 
(Slootweg, 2007).   
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1.2.1 Stages of Tooth Development 
Tooth development involves a series of reciprocal interactions between the oral 
epithelium and the underlying cranial neural-crest derived mesenchyme on the oral 
surfaces of the mandibular, maxillary and frontonasal processes (Kollar, 1983). It is 
divided into three distinguishable phases that are organized by further exchange of 
signals (Tucker and Sharpe, 2004): initiation, morphogenesis and differentiation 
(Thesleff, 2006), which lead to defined identities and shapes. The expression of 
homeobox genes in mesenchymal cells provides the necessary molecular mechanisms 
for the positional code for tooth morphogenesis (Sharpe, 1995; Thomas and Sharpe, 
1998). Along with the latter process, the differentiation of the hard tissue producing 
cells starts at the tips of future cusps and extends in a cervical direction (Cohn, 1957; 
Ten Cate, 1994). This fixates the final shape of the tooth crown. Tooth 
morphogenesis is accompanied by alveolar osteogenesis in the surrounding 
mesenchyme (Cohn, 1957; Ten Cate, 1994). Due to this formation process, teeth 
become enclosed in bone crypts delineated by the dental follicle cells. Hence, tooth 
eruption requires the resorption of the alveolar bone.  
 
Figure 1.1. Initiation, Morphogenesis, Differentiation and Eruption 
 
(Adapted from Thesleff, 2006) 
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1.2.2 Mediators of Tooth Development  
 
Various factors from signalling pathways have been implicated in early tooth 
induction. Tooth development involves signal-receptor interactions that trigger 
transcriptional changes necessary to orchestrate cellular processes which are required 
for the progression of tooth development. The signals are used repeatedly throughout 
different stages and in different directions. Changes in the direction of signalling are 
not possible without a controlled down regulation of ligand expression (Tucker and 
Sharpe, 2004).  
 
1.3 Eruption Pattern 
 
Tooth eruption (teething) is a normal physiological process defined as the process 
whereby a tooth moves from its developmental position within the jaws to emerge 
into the oral cavity (Berkovitz, 1990; Craddock and Youngson, 2004; Kardos, 1996). 
Variations in primary tooth eruption patterns have been associated with socio-
demographic variables including gender (Boas, 1927) and socio-economic status 
(Enwonwu, 1973).  
 
1.3.1 Eruption Timing 
 
The eruption timing of primary teeth is highly variable between and within 
populations, where genetic and environmental factors are thought to be important. It 
usually begins by 4–10 months of age (Baykan et al., 2004). One per cent of infants 
acquire their first tooth before the age of 4 months whereas one percent has not had 
their first tooth erupt by 12 months of age (Ashley, 2001). Normal biologic eruption 
time is defined as tooth eruption occurring when the dental root is approximately 2/3 
of its final length. If the tooth has developed at least 2/3 of its tooth length and 
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eruption has not occurred, it is deemed as delayed biologic eruption time (Suri et al., 
2004). While the sequence of eruption of different teeth has been studied (Garn and 
Lewis, 1957; Lo and Moyers, 1953), gender differences have been observed in mean 
eruption times, but no variation has been found between right and left sides of the 
dental arch (Bradley, 1961).   
 
The chronology and sequence of dental eruption, as well as the factors that may 
interfere with such process, such as race, gender, and physical development (Falkner, 
1957) have shown to be of clinical importance for accurate diagnosis of local and 
systemic conditions that may affect tooth eruption (Seow et al., 1988). The timing of 
tooth eruption varies widely. A rough rule of thumb is that the age in months minus 
six gives the average number of teeth, up to age 2 years. Environmental factors, such 
as climate and illness, as well as gender have not been found to have a significant 
effect on the rate of dental development. Premature infants get their first teeth at a 
later chronological age, but at the same post-conceptual age as full-term infants 
(Ashley, 2001). 
 
While some studies have reported gender differences to be slight and irregular in the 
timing of primary tooth emergence (Boas, 1927; Falkner, 1957; Friedlaender and 
Bailit, 1969; Sandler, 1944), others have concluded that no gender differences in 
primary tooth emergence exist (Doering and Allen, 1942; Ferguson et al., 1957; 
Lysell et al., 1962; McGregor et al., 1968; Meredith, 1946; Robinow et al., 1942; 
Sandler, 1944). Meredith showed that males are slightly advanced at all ages 
(Meredith, 1946); whilst Robinow and colleagues have reported that males have an 
earlier emergence of all primary teeth, with the exception of the first molars 
(Robinow et al., 1942). Doring and Allen reported males to be significantly advanced 
in maxillary incisor emergence only (Doering and Allen, 1942). Lysell and colleagues 
have shown males to be advanced in incisor emergence, but females to be advanced 
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in all other teeth emergence with the exception of the maxillary second molars (Lysell 
et al., 1962). There have been findings for the males' advancement in the early stages 
of dental development, while findings for the advancement in females for the later 
stages of primary tooth emergence are limited (Infante, 1974).  
 
1.3.2 Premature Tooth Eruption 
 
The incidence of natal teeth is approximately 1:2,000 to 1:3,500 live births 
(Buchanan and Jenkins, 1997; Kates et al., 1984; Leung, 1986; Seminario and 
Ivancakova, 2004). The most commonly affected teeth are the lower primary central 
incisors (Ashley, 2001). The majority of natal teeth represent the early eruption of 
normal primary primary dentition (de Almeida and Gomide, 1996; Leung, 1986; 
Masatomi et al., 1991). Less than 10% of natal teeth are supernumerary (Buchanan 
and Jenkins, 1997; Galassi et al., 2004; Zhu and King, 1995). Natal teeth might 
resemble normal primary dentition in size and shape; however, the teeth are often 
smaller, conical and yellowish, and have hypoplastic enamel and dentin with poor or 
absent root formation (Galassi et al., 2004; Zhu and King, 1995). Natal teeth have 
been reported in association with syndromes such as Ellis-van Creveld, Jadassohn-
Lewandowsky, Hallerman-Streiff, craniofacial dysostosis, steacystoma multiplex, 
Sotos, Wiedemann-Rautenstrauch, Meckel-Gruber and Pierre Robin (Leung, 1986; 
Marakoglu et al., 2004; Seminario and Ivancakova, 2004; Uzamis et al., 1999).  
 
Early studies have reported accelerated dental development in young diabetic 
children, possibly due to the local and systemic “biphasic” effects of the disease and 
“pre-diabetic state” influencing tooth development and eruption (Adler et al., 1973; 
Bohatka et al., 1973; White, 1932). Contrastingly, other studies have reported 
maternal diabetes mellitus to decelerate dental development of the embryo and bone 
mineralization in children (Carnevale et al., 2004; Grahnen et al., 1968; Noren, 1984; 
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Schwartz, 2003). Experimentally- induced diabetes has been shown to inhibit enamel 
protein secretion by secretory ameloblasts (Karim, 1983). Similarly, high 
concentrations of glucose have shown to inhibit osteoblastic calcium deposition and 
bone maturation (Balint et al., 2001) 
 
Early studies have demonstrated that injections of epidermal growth factor (EGF) 
results in premature eruption in rodent incisors (Cohen, 1962). The transforming 
growth factor (TGF) is a molecular protein that binds to the EGF-receptor and 
accelerates incisor eruption (Tam, 1985). The colony stimulating factor (CSF-1), 
which stimulates monocyte development in the dental follicle and number of 
osteoclasts in the bone crypt, initiates eruption as well (Iizuka et al., 1992). 
Accelerated tooth development has been associated with various factors such as 
increased adrenal androgen secretion and excess of growth/thyroid hormones (Garn et 
al., 1965). 
 
1.3.3 Delayed Tooth Eruption 
 
Delayed tooth eruption (DTE) is defined as the emergence of a tooth more than two 
standard deviations from the mean of established norms for eruption times. Although 
it may be associated to systemic or nutritional disturbances, such as hypopituitarism, 
hypothyroidism, infantile rickets, Down’s syndrome, cleidocranial dysostosis, 
osteopetrosis, Gardener’s syndrome and achondroplastic dwarfism (Johnsen and 
Tinanoff, 2000), one percent of healthy children may not have their first tooth by 
twelve months of age (Baykan et al., 2004; Psoter et al., 2003). The clinical 
implications of DTE are shown in Figure 1.2 (Peedikayil, 2011).   
 
It has often been associated with the deficiency of essential nutrients due to the high 
metabolic demand of the growing tissues (Garn and Rohmann, 1966; Moyers). While 
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earlier eruption times have been observed in well-nourished children, those with 
moderate to severe malnourishment have been shown to have 5-29% delay in 
eruption timing (Holman and Yamaguchi, 2005). Similarly, endocrine diseases 
contribute to both the delayed general growth of the body and the eruption/shedding 
of the dentition. 
 
Figure 1.2. Chronological Delayed Tooth Eruption  
 
(Adapted from Peedikayil, 2011) 
 
1.3.4 Tooth Eruption and General Growth Patterns 
 
Several hormones and growth mediators have been shown to have an effect on tooth 
eruption. Among them is the human growth hormone (Bozzola et al., 1996). The 
dynamics of growth in the first three years of life (expansion phase), particularly 
during the first twelve months, is very high and the quickest during the whole 
postnatal development. A three-year-old child reaches 24-26% of the body weight 
and approximately 54-57% of the height that characterizes an adult. According to 
Wolanski, "growth processes during the first 2-3 years of life are still partially going 
on under the control of factors which are influenced by the child's prenatal 
development" (Wolański, 1986). The expansion phase is characterized by a strict 
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interdependence between the morphological and functional changes taking place 
(Krawczynski, 1995). 
 
The effect of nutrition on tooth emergence patterns has been documented by earlier 
studies suggesting that the eruption of the primary dentition is not only under genetic 
control but is also influenced by nutrition status expressed in terms of weight and 
height (Psoter et al., 2005). Thus, heavier children at selected postnatal ages have a 
greater number of erupted teeth than lighter children (McGregor et al., 1968).  
 
1.3.5 Is There a Relationship between Primary & Permanent Dentition?  
 
Primary and permanent teeth erupt during different phases of a child's ontogenesis 
(Zadzinska, 2002). An intimate relationship between the permanent and primary 
incisors is maintained during the developmental years due to a less than 3mm thick 
bony tissue barrier between the primary tooth and its successor (Smith and Rapp, 
1980). The morphogenesis and mineralization of the permanent dentition is slow and 
varies between individuals (Pirinen and Thesleff, 1995). Any disruption in the normal 
odontogenesis or traumatic injury may lead to dilacerations (Andreasen et al., 1971), 
physical displacement of the tooth germ or ectopic eruption of the permanent 
successor (Brin et al., 1988; Hawes, 1966). 
 
1.4 Teething Process 
 
The sequence and synchronization of tooth eruption is basically controlled by growth 
factors: the epidermal growth factor (EGF), the transforming growth factor (TGF) 
and the colony stimulating factor (CSF). These low molecular proteins chemically 
trigger off the initiation process of tooth movement from jaw to oral cavity (Marks, 
1995; Marks and Schroeder, 1996; Wise and Lin, 1995). Eruption movements are 
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closely related with tooth development, where many processes take place 
simultaneously: the dental root lengthens, the alveolar process increases in height, 
and the tooth moves through the bone (Moorrees et al., 1969; Nolla, 1960; Schour 
and Massler, 1941).  
 
1.4.1 Regulatory Factors 
 
Different mechanisms have been attributed to tooth eruption including osteoclastic 
activity, root development, nutrition, and hormonal influences (Shroff et al., 1996; 
Shroff and Siegel, 2000). Both functioning dental follicle and bone resorption are 
necessary for tooth eruption. Mononuclear cells (monocytes) are recruited and fused 
by the developing dental follicle to form osteoclasts to resorb alveolar bone needed 
for the formation of an eruption pathway (Wise et al., 1999; Wise et al., 2000). The 
local bone resorption and metabolism involves the production of cytokines (Sandy, 
1992), which in turn play a role in the cellular event of tooth eruption (Wise et al., 
1999). 
 
Epidermal growth factor, transforming growth factor-beta, interleukin-1, colony-
stimulating factor-1 and proteins isolated from the follicle and the enamel organ have 
been demonstrated to play a role in the regulation of the eruption process (Cielinski et 
al., 1994; Cohen, 1962; Thesleff, 1987; Wake et al., 2000; Wise et al., 1995; Wise 
and Fan, 1991; Wise et al., 1992). As cytokines are involved in local inflammation or 
immunoregulation (Dinarello, 1991), the IL-1β is the major “endogenous pyrogen” 
that may contribute to tissue damage by stimulating the release of neural 
metaloproteinases from fibroblasts and other mesenchymal cells and can affect tissue 





1.4.2 Systemic Determinants  
 
1.4.2.1 Genetic Role 
 
Studies with monozygotic twins have shown the effect of genetic factors on tooth 
eruption (concordance rate of 0.9) (Garn et al., 1965). Most of the genetic disorders 
that have been reported to affect tooth eruption have been associated with the 
permanent dentition, affecting enamel formation/the dental follicle or interfering with 
osteoclastic activity (Almonaitiene et al., 2010). A generalized developmental delay 
and DTE have been observed in patients with particular genetic disorders, including 
Apert syndrome, cleidocranial dysplasia, sclerosteosis, which have been linked to 
underlying defects in bone resorption (Kaloust et al., 1997; Smylski et al., 1974; 




Nutritional stress during prenatal development can affect the integrity of the enamel 
during the development of the primary dentition. Hence, the ability of the tooth to 
resist bacterial invasion and caries is limited (Davies, 1998; Horowitz, 1998; Smith 
and Moffatt, 1998). Episodes of malnutrition or deficiencies during enamel formation 
can predispose teeth to enamel hypoplasia (Fearne et al., 1990; Navia, 1979; Smith 
and Moffatt, 1998). It has been shown that maternal vitamin D supplementation of 
400 IU a day during pregnancy can reduce enamel defects significantly in primary 
teeth (p < 0.01) (Cockburn et al., 1980). Children whose mothers did not receive stoss 
therapy of 100,000 IU ergocalciferol had eruption times significantly later than 
children of supplemented mothers (p < 0.05). Supporting the hypothesis that vitamin 
D can influence the development of the primary dentition (Schroth et al., 2005), their 
findings were consistent with reports about the effects of malnutrition, premature 
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birth and neonatal nutrition on primary tooth eruption (Alvarez et al., 1990; Delgado 
et al., 1975; Viscardi et al., 1994).  
 
In the early postpartum period, maternal psychosocial characteristics may reflect 
personal qualities serving as protective factors and forming the context for a nurturing 
environment and care practices for the newborn, and contribute to child health 
(Fowles and Walker, 2009). Anxiety and stress during pregnancy  have been reported 
to cause negative outcomes including preterm delivery (PTD) and low birth weight 
(LBW) infants (Cooper et al., 1996; Hedegaard et al., 1996; Pritchard and Teo, 1994; 
Rini et al., 1999; Sandman et al., 1997; Teixeira et al., 1999; Wadhwa et al., 1993). 
Stress leading to PTD might be either due to general situational conditions 
(Halbreich, 2005) or pregnancy specific, such as maternal fears related to pregnancy 
outcomes, labour, ability to be a good mother, and her child’s health (Rini et al., 




Most studies have demonstrated that there is a significant delay in 
physical/psychological growth and development in preterm children during early 
childhood (Marlow et al., 1993). A study conducted by Seow and co-workers showed 
a distinct relationship between low birth weight and number of erupted teeth. In 
relation to chronological age, very low birth weight children (<1,500g) showed 
significantly fewer number of teeth erupted in age groups 6-11 months and 12-17 
months when compared to low (1,500-2,500g) and normal (>2,500g) birth weight 
children (Seow, 1997a). However, by 18-23 months and 24 months onwards, there 
were no significant differences as catch-up development had occurred in later infancy. 
Contrastingly, in relation to biological age, there were no significant differences in 
number of teeth erupted among the three groups. This indicates that the delay in the 
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eruption of the primary dentition may be a direct effect of premature birth. Several 
authors have confirmed the role that prematurity and neonatal nutrition play in the 
delayed eruption of the first primary tooth (Golden et al., 1981).  
 
1.4.2.4 Early Infancy 
 
The mineralization of the primary dentition continues after birth with the 
crowns of maxillary primary incisors and canines completing at 6 months and 
the entire dentition completing by the age of one (Reisine, 1988). The effects of 
postnatal nutrition on tooth eruption have yet to be further investigated, though the 
importance of feeding patterns has been highlighted by several studies. It has been 
noted that the duration of breastfeeding has an impact on this physiological process at 
nine months of age (Martin Moreno et al., 2006), as well as the role of growth 
parameters on both timing (Sahin et al., 2008) and number of erupted teeth (Haddad 
and Correa, 2005; Infante and Owen, 1973; Oziegbe et al., 2008; Sajjadian et al., 
2010).  
 
1.4.3 Eruptive Tooth Movement 
 
The following mechanisms have been attributed to tooth eruption: 
1. Root elongation: The intraosseous phase of eruption does not begin until root 
formation has initiated (Massler and Schour, 1941).  
2. Alveolar bone remodelling: Cells of the dental follicle and reduced enamel 
epithelium interact to recruit monocytes that differentiate into osteoclasts, which 
consequently form the eruption pathway (Brash, 1928). 
3. Periodontal ligament formation and renewal: There is a constant remodelling of 
collagen fibers, which shrink in length by approximately 10% during maturation. 
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This process is followed by contractile forces generated by fibroblasts, which can 
attach to collagen type I fibers via fibronectin and integrins (Berkovitz and 
Thomas, 1969; Berkovitz, 1971). 
4. Periodontal ligament hydrostatic pressure: Eruptive movements are maintained by 
pressure differentials along the periodontal ligament space (Chandra, 2007).  
 
Tooth eruption comprises of two general phases:  
1. Active eruption phase, which causes the tooth emerge into the oral cavity. There 
are three pre-functional and three post-functional stages involved in the active 
phase, as shown in Table 1.1 (Steedle and Proffit, 1985).   
2. Passive eruption phase, which involves the apical migration of soft tissues 
covering the dental crown (dentogingival junction - DGJ). There are four stages 
involved in the passive phase: 1) DGJ is located on the enamel; 2) epithelial 
attachment is located on the enamel and root cement surface; 3) epithelial 
attachment is entirely located on the cement; 4) epithelial attachment and gingival 
margin lie apical to the cemento-enamel junction (Gargiulo et al., 1961). 
 
Furthermore, this physiological process can be subdivided into the following stages 
(Almonaitiene et al., 2010; Marks and Schroeder, 1996):  
1. Pre-eruptive movements, which occur during crown formation. 
2. Intraosseous stage, which involves the formation of an eruption pathway through 
the alveolar bone. 
3. Mucosal penetration, which involves the formation of the primary junctional 
epithelium (last role in the life history of the enamel organ). 
4. Pre-occlusal stage, which is the post-emergence prior to reaching functional 
occlusion. 




Table 1.1. Active Eruption Phases 
1. Follicular Growth  Tooth grows symmetrically within the crypt 
without undergoing displacement.  
2. Pre-emergence Eruptive Outbreak Tooth displaces in occlusal direction, with a 
considerable increase when the crown’s cuspid 
approaches the immediate vicinity of the gums. 
3. Post-Emergence Eruptive Outbreak Tooth breaks through the gums and begins to 
emerge into the oral cavity. Maximum eruption 
velocity is reached at this stage. 
4. Juvenile Occlusal Equilibrium  Eruption movement ceases once the tooth reached 
occlusion with its antagonist. 
5. Puberal Eruptive Outbreak An increase in lower facial height occurs along 
with the rapid somatic growth during puberty. Bone 
growth is accompanied by a new active tooth 
eruption period lasting at least 2-3 years. 
6. Adult Occlusal Equilibrium Eruption does not cease abruptly upon reaching 
physical maturity. There are small increments in 
lower facial height and tooth eruption throughout 
life. 
 
1.4.4 Systemic Manifestations of Tooth Eruption 
 
Conflicting opinions regarding the different symptoms caused by teething have been 
reported. In a controlled clinical study of 46 babies, authors claimed that the eruption 
of the first tooth is accompanied by a fever of over 37.5°C (Jaber et al., 1992). 
Similarly, another study observed that one third of paediatricians in Philadelphia, 
U.S.A. thought that fever of over 38°C could be caused by teething (Honig, 1975). 
While Ramos hypothesized that symptoms of teething could cause systemic 
infections (Ramos et al., 2000), Nelson and co-authors suggested the possible 
occurrence of infection and sensitivity when the tooth erupts through the gingival 
(Nelson, 1983). There has been an assumption that teething can cause the release of 
local inflammatory cytokines and respective systemic signs and symptoms (Shapira et 
al., 1996). Due to the possible contribution of IL-1β to tissue damage by stimulating 
the release of neural metaloproteinases from mesenchymal cells and its potential 
induction of high levels of other cytokines (including interferons, polypeptide growth 
factors and colony-stimulating factors) (Arend and Leung, 1994; Dinarello, 1991), a 
wide range of clinical situations have been associated with high fever and severity of 
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inflammatory diseases (Dinarello, 1991; 1999; Dinarello et al., 1999; Shapira et al., 
1994). 
 
1.4.4.1 Historical Background 
 
Historically, teething has often been blamed for a variety of signs and symptoms 
when diagnostic ability has failed (McIntyre and McIntyre, 2002). Its effect on infant 
health has been debated for at least 5000 years, and traditional beliefs on the issue 
have still not been entirely supplanted by scientific findings. The belief that teething 
led to childhood mortality, seizures, diarrhoea, fever, or other serious conditions was 
criticized as early as the 17th century by Francois Ranchin (Tasanen, 1968a).  
 
A variety of physical disturbances have historically been attributed to teething 
including pain, inflammation of the mucous membrane overlying the tooth (possibly 
with small haemorrhages), general irritability/malaise, disturbed sleep/wakefulness, 
facial flushing/circumoral rash, drooling/sialorhoea, gum rubbing/biting/sucking, 
bowel upset (ranging from constipation to loose stools and diarrhoea), loss of 
appetite/alteration in volume of fluid intake and ear rubbing on the same side as the 
erupting tooth (McIntyre and McIntyre, 2002). It is now accepted that the localized 
symptoms of teething vary between individuals; however, severe systemic signs or 
symptoms are unrelated to teething despite parents’ perception and believes (Jaber et 
al., 1992; Macknin et al., 2000; McIntyre and McIntyre, 2002; Seward, 1971; Wake 
et al., 2000). Currently most medical professionals agree that teething does not cause 
life-threatening illness, but they disagree about which symptoms may be associated 






1.4.4.2 Signs and Symptoms Associated with Teething 
 
The effects of teething on the child’s health has been long debated and not entirely 
supported by scientific findings. Many authors, including Ranchin, Aristotle, Homer 
and Celsus, have previously described associations between teething and illnesses 
including childhood mortality, seizures, diarrhoea and fever (Radbill, 1965; Tasanen, 
1968a). In spite of the growing evidence that teething is associated with, at most, 
minor and relatively infrequent symptoms (Jaber et al., 1992; Macknin et al., 2000; 
Wake et al., 2000), there is still contradiction between research findings and widely 
held beliefs and practices (Owais et al.). Limited evidence-based studies include a 
prospective study of children aged 6 months to 3 years by Wake and colleagues in 
2000, where results showed that although parents and caregivers reported many of the 
symptoms described in the study, and many teeth erupted, no confirmation of any 
temporal relationships between such symptoms and teething was obtained (Wake et 
al., 2000). The study reported no statistical association between fever, mood 
disturbance, drooling, rashes and tooth eruption. The largest prospective cohort study 
of 125 healthy children with 475 tooth eruptions by Macknin and colleagues in 2000 
showed significant (P < 0.01) associations with biting, drooling, gum rubbing, 
irritability, sucking and temperature greater than 37.5°C (Macknin et al., 2000). 
However, attributing these symptoms to teething was not possible as no symptom 
occurred in more than 35% of infants during each teething period, and no symptom 
occurred more than 20% more often in the teething period than in the non-teething 
period. Diarrhoea, cough, vomiting, sleep disturbance, facial rashes, fever greater 
than 38.9°C, or any serious illness were not significantly associated with teething . 
 
A study by Macknin and colleagues in 2000, showed ten symptoms having a 
significant relationship to tooth emergence at some point during the teething period: 
biting, drooling, gum-rubbing, irritability, sucking, sleep awakenings, ear-rubbing, 
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rash on face, decreased appetite for solids, and temperature higher than mean plus 1 
standard deviation (Macknin et al., 2000). Although many combinations of symptoms 
were examined, no set of symptoms could predict that a tooth was about to emerge. 
Each symptom on each day was examined independently to define when and which 
abnormal symptoms were associated with tooth emergence. Abnormal biting and 
drooling on any day within the 8-day span were significantly associated with tooth 
emergence on a given day 0. Abnormal gum-rubbing (except 4 days before), 
irritability (except 3 and 4 days before), and sucking (from 2 days before to 2 days 
after) were also associated with tooth emergence. Abnormal appetite for solids, 
wakefulness, ear-rubbing, and facial rash showed associations (P<0.01) on days close 
to the tooth eruption but not on days further away. Increased congestion, stool 
looseness, stool number, and decreased sleep duration were more frequent on days 
close to tooth eruption. However, although the P values for these associations were 
not considered statistically significant as they were greater than 0.01. Abnormal 
appetite for liquids, cough, rashes other than facial rashes, and vomiting showed no 
significant associations with tooth emergence. 
 
Seward studied the association of 18 disturbances associated with the eruption of the 
primary teeth in 224 normal children. Irritability, night crying, drooling, poor 
appetite, circumoral rash and inflammation of the gums were the common findings 
(Seward, 1971). Tasane, in 1968, studied teething infants in North Finland, with daily 
recording of temperature, appearance of gums, presence of infections, and 
disturbances of behaviour. He showed that tooth eruption had no association to 
infection, diarrhoea, fever, rash, convulsions, sleep disturbance, cough or ear rubbing. 
However, teething was found to be associated with daytime restlessness, loss of 




In a prospective study by Jaber and colleagues, it was found that body temperature 
increased by 0.6°C during teething. In several studies with widely varying designs, 
symptoms including drooling, appetite disturbance, sleep disturbances, restlessness, 
coughing, rash, and diarrhoea were found to be associated with teething (Jaber et al., 
1992). In a retrospective study by Seward, mothers of 224 infants reported 74% and 
100% of their children suffered at least one local disturbance during the eruption of 
the anterior and posterior teeth, respectively (Seward, 1971). In another study by 
Wake and colleagues, parents completed a questionnaire inquiring about their beliefs 
and experiences related to teething. They found that 24% of parents believed that 
teething could cause fevers higher than 38°C and 10% believed that such fever could 
be higher than 39°C. Eighty-one percentage of the parents rated infant distress during 
teething as mild to moderate and 14% as severe (Wake et al., 2000). As eruption 
takes place over a period of two and half years, it is not surprising that these 
coincidental factors emerge. If attention is given to these symptoms, it is often 
recognized that some other coincidental mild infection is present, usually gastro-
intestinal or upper respiratory tract (Birch and Huggins, 1973). In a study carried out 
by Swann who reviewed 50 children admitted to hospital with a presenting complaint 
of teething, it was found that medical conditions were diagnosed in 48 children, 
including one case of bacterial meningitis (Swann, 1979).  
 
1.5 Early Childhood Caries (ECC) 
 
Early caries in infants and young children has been described as early as the 1930s as 
“les dents noire de tout-petits” meaning “black teeth of the very young” (Belterami, 
1952), while Fass in 1962 (Fass, 1962) used the term “nursing bottle mouth”. Since 
1962, a variety of other terms have been used to identify the caries in this particular 
group of the population including baby bottle tooth decay, nursing bottle syndrome, 
bottle mouth caries, nursing caries, rampant caries, nursing bottle mouth, milk bottle 
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syndrome, breast milk tooth decay and facio-lingual pattern of decay (Milnes, 1996). 
Since there are other etiologic factors other than the baby bottle implicated in this 
childhood condition and because this condition is influenced by social, economic and 
cultural influences; a new term for caries in children less than 6 years of age was 
proposed.  Both the Centre for Disease Control (CDC) and the American Association 
of Paediatric Dentistry (AAPD) recommended the term “early childhood caries” to be 
used to describe any form of caries in preschoolers to reflect better the multi-factorial 
etiologic process related to its development (Reisine and Douglass, 1998). Hence, 
ECC is the presence of one or more decayed (non-cavitated or cavitated lesions), 
missing (due to caries), or filled tooth surfaces in any primary tooth in a child 71 
months of age or younger (Drury et al., 1999; Kaste et al., 1999).  
 
Children aged 12 to 30 months have a particular caries pattern differing from the 
pattern observed in older children. Dental caries in young infants affects the maxillary 
primary incisors and first primary molars, thus reflecting the pattern of eruption (Kidd 
et al., 2008). The ECC pattern changes at age three, when it begins to affect the first 
and second primary molars (Dini et al., 1998; Ismail and Sohn, 1999; Mayanagi et al., 
1995; Seow et al., 1996). Therefore, it has been recommended to categorize for six 
different age groups in children aged 0 to 71 months: less than 12 months, 12-23 
months, 24-35 months, 36-47 months, 48-59 months and 60 to 71 months (Drury et 
al., 1999).  On the other hand, ECC development has been also categorized into 4 
stages (Veerkamp and Weerheijm, 1995): 
1. Initial stage is characterized by the appearance of chalky, opaque demineralization 
lesions on smooth surfaces of the maxillary primary incisors when the child is 
between 10 and 20 months of age. 
2. Second stage occurs when the child is between 16 and 2 months where the dentin 
is affected when the white lesions on the incisors develop rapidly, causing the 
enamel to break down. 
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3. Third stage is characterized by large, deep lesions on the maxillary incisors and 
pulpal irritation when the child is between 20 and 36 months. 
4. Fourth stage is characterized by coronal fractures of the anterior maxillary incisors 
as result of amelodentinal destruction when the child is between 30 and 48 months. 
 
1.5.1 Caries in Infants: Is it a Real Problem? 
 
Dental caries is a preventable infectious disease with a multifactorial aetiology 
(Selwitz et al., 2007). Despite this fact and the stride in caries control in developed 
countries, it remains as the most common chronic childhood condition (WHO, 2006) 
and about five billion people have experienced dental caries worldwide (WHO, 2001). 
As a result, it constitutes a main source of global financial burden (WHO, 2006). It 
has been estimated to affect 60 to 90 percent of children between the ages of two and 
eleven years (CDC, 2006; Donahue et al., 2005; Edelstein, 2006). 
 
Available epidemiology data of early childhood caries from various countries in the 
past two decades indicate that there is an evident increase in the prevalence of this 
disease, indicating a pending health crisis (Karlsson, 2010). The prevalence and 
severity of ECC is shown in Tables 1.2-1.5 for the North and South American, 
African, European, and Asian continents. Note that there are not as many studies in 
infants compared to toddlers. 
 
Table 1.2. Prevalence & Severity of ECC in Children Aged 0-36 Months: North 










0-23 76 - United States O'Sullivan et al., 1994 100 0.24 
12 994 Cross-
sectional+ 
United States Tang et al., 1997 6.4 0.18 
12-18 - - Brazil Rosenblatt and Zarzar, 2002 9 0.4 
13-18 - - Puerto Rico Lopez Del Valle et al., 1998 11 - 




19-24 - - Puerto Rico Lopez Del Valle et al., 1998 21 - 
19-24 - - Brazil Rosenblatt and Zarzar, 2002 28 1.5 
24 39 - United States O'Sullivan et al., 1994 71 1.69 
24 976 Cross-
sectional+ 
United States Tang et al., 1997 21.6 0.70 
25-36 - - Puerto Rico Lopez Del Valle et al., 1998 27 - 
25-36 - Cross-
sectional+ 
United States Douglass et al., 2001 17-25 - 
25-36 - - Brazil Rosenblatt and Zarzar, 2002 46 2.0 





United States Tang et al., 1997 35.1 1.35 
36 - Cross-
sectional+ 
Canada Peressini et al., 2004 67 3.5 
+Full-text article available. 
*Note: Studies were either extracted partly from a work containing the review of the studies mentioned in the tables 
(Mohebbi, 2008) and searched through PubMed for verification and further knowledge or directly searched through 
Pubmed. However, not all of them were provided with full-text articles or sufficient/relevant information. 
 










36 - - Nairobi Masiga and Holt, 1993 38 1.35 
36 43 Cross-
sectional+ 
Uganda Kiwanuka et al., 2004 45 1.7 
+Full-text article available. 
*Note: Studies were either extracted partly from a work containing the review of the studies mentioned in the tables 
(Mohebbi, 2008) and searched through PubMed for verification and further knowledge or directly searched through 
Pubmed. However, not all of them were provided with full-text articles or sufficient/relevant information. 
 









12-14 - - Sweden Wendt et al., 1991 0.5 - 
12-18 181 - Sweden Schroder et al., 1994 1 - 
18 300
0 
- Sweden Hallonsten et al., 1995 2 - 
18-30 - - England Hinds and Gregory, 1995 4 - 
19 - - Finland Alaluusua and Malmivirta, 
1994 
8 - 
23-26 - - Sweden Wendt et al., 1991 7.7 - 
24-36 692 Longitudinal Sweden Grindefjord et al., 1995 11.3 - 
30 - - Finland Nordblad et al., 1991 0 0.2 
30 - - Finland Nordblad et al., 2004 16 0.3 




Finland Paunio et al., 1993 6 - 
36 - - Finland Alaluusua and Malmivirta, 
1994 
14 - 
36 - - Italy WHO, 2007 1 0.32 
36 114 Cross-
sectional 
Poland Szatko et al., 2004 56.2 2.9 
36 - - Sweden WHO, 2007 5 - 
*Note: Studies were either extracted partly from a work containing the review of the studies mentioned in the tables 
(Mohebbi, 2008) and searched through PubMed for verification and further knowledge or directly searched through 
Pubmed. However, not all of them were provided with full-text articles or sufficient/relevant information. 
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Thailand Vachirarojpisan et al., 2004 11 0.3 
12 - - Jordan Rajab and Hamdan, 2002 8 0.19 
12 114 Cross-
sectional+ 
Taiwan Tsai et al., 2006 0 0 
12-18 - - Japan Fujiwara et al., 1991 2 0.1 
12-23 115 Cross-
sectional+ 
Jordan Hattab et al., 1999 13 - 
15-19 132 Cross-
sectional+ 
Thailand Vachirarojpisan et al., 2004 41 1.3 
18 - - Japan Tsubouchi et al., 1994 13.7 - 
18-24 - - Japan Fujiwara et al., 1991 5 0.5 
24 - Cross-
sectional 
Japan Mayanagi et al., 1995 43 1.8 
24 217 - United Arab 
Emirates 




24 - - Jordan Rajab and Hamdan, 2002 21 1.15 
24 182 Cross-
sectional+ 
Taiwan Tsai et al., 2006 100 0.14 
24-30 - - Japan Fujiwara et al., 1991 26 3.2 
24-35 157 Cross-
sectional+ 
Jordan Hattab et al., 1999 21 - 
30-36 - - Japan Fujiwara et al., 1991 37 6.3 
36 - - Japan Mayanagi et al., 1995 72 4.0 
36 - - China Douglass et al., 1995 67 3.5 
36 - Cross-
sectional 





Al-Malik et al., 2001 61 3.6 
36 - - Jordan Rajab and Hamdan, 2002 22 1.7 
36 78 Cross-
sectional+ 
Philippines Carino et al., 2003 85 7.4 
36 182 Cross-
sectional+ 
Taiwan Tsai et al., 2006 100 2.58 
+Full-text article available. 
*Note: Studies were either extracted partly from a work containing the review of the studies mentioned in the tables 
(Mohebbi, 2008) and searched through PubMed for verification and further knowledge or directly searched through 
Pubmed. However, not all of them were provided with full-text articles or sufficient/relevant information. 
 
1.5.1.1 Global Trend and Public Health Challenges 
 
In the United States, the total expenditure for oral health care has been estimated to 
be US$8.5 billion, of which the annual dental caries treatment cost has been accrued 
to be US$4.5 million (Aligne et al., 2003). Approximately 28% children aged 2-5 
years were affected in the States of America (US/DHHS, 2007). For the active duty 
US military personnel, the total cost for the unmet dental treatment needs has been 
estimated to be US$1.9 billion (Chisick and Piotrowski, 2000). In recent years, the 
caries resurgence in the primary dentition has surfaced in USA (US/DHHS, 2007), 
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UK (Pitts et al., 2006), Canada (Speechley and Johnston, 1996), Australia (Armfield 
and Spencer, 2004), Norway (Haugejorden and Birkeland, 2002), and the Netherlands 
(Truin et al., 1993).  
 
Despite the low caries levels in low income countries; if fully treated, the financial 
burden would be US$1,618 to US$3,513 per 1,000 children from six to eighteen 
years of age, exceeding the total available essential public health care resources for 
children of up to 29 low-income countries (Yee and Sheiham, 2002). With the latter 
in mind, the total financial burden for children from six to 14 years of age has been 
estimated to be US$1.018 billion for these nations (Yee and Sheiham, 2002). The 
caries prevalence rate is substantially higher in most of Asian countries. Taking into 
consideration the high prevalence rates, they are reflected in the high costs of 
expenditure for dental services and dental caries treatment represent an economic 
burden on a social and individual basis. The expenditure for dental services has been 
estimated for various countries such as United States in 1998 at 53.8 billion dollars 
(NIH, 2000) and Australia from 2002 to 2003 at 4.4 billion dollars (AIHW, 2002-03). 
As for the direct cost of caries treatment, it has reached to as high (or even higher) as 
20.2 billion Deutsche Marks (DM) in comparison to 15.4 billion DM on 
cardiovascular disease and 2.3 million DM on diabetes in Germany back in 1994 
(Kohlmeier et al., 1993). 
 
Caries polarization is a notion defined as a small percentage of individuals with high 
dental caries rate and a large proportion of caries-free individuals (Dimitrova et al., 
2000). Previously, it has been described as the proportion of high-caries groups in 
each year, both in terms of caries experience and current untreated caries, diagnosed 
at annual clinical dental health check-ups (Vehkalahti et al., 1997). It is a 
phenomenon associated with economic deprivation (Baldani et al., 2004) and 
socioeconomic factors have been identified as caries risk indicators (Sogi and 
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Bhaskar, 2002). It has been suggested that lifestyle decisions and health behaviours 
are conditioned by the socio-environmental context, which differs across the various 
ethnic and socio-economic groups (Sisson, 2007; Watt, 2007).  
 
The social gradient in oral health is partly explained by the social difference in dental 
attendance suggested by reports from Australia (Sanders et al., 2006) and United 
Kingdom (Donaldson et al., 2008). Although there is some evidence for socio-
economic disparity in oral health, the ethnic disparity in oral health is yet to be 
understood, whether having attributed directly to socio-economic circumstances (Litt 
et al., 1995; Plamping et al., 1985) or having an independent ethnic effect 
(Prendergast et al., 1997) in oral health behaviours (Atchison et al., 1997; Lopez del 
Valle et al., 2005) through cultural norms and beliefs, faith in other cures, and beliefs 
about causation and prevention (Hilton et al., 2007; Lee et al., 1993). Though caries 
polarization has been observed in children and young adults, it exists in all age groups 
and at different levels of severity (Wilhelm, 2008). One good indicator to compare 
the risk of dental caries between different groups is the SiC (significant caries index) 
as it helps to identify a specific population with high or very high DMFT values and 
to target the caries-susceptible individuals (Bratthall, 2000).  
 
Findings on developmental, psychosocial, and medical consequences of early 
childhood caries have been found to be consistent with recent findings of chronic 
diseases being traceable back to the conditions and exposures in early life (Barker, 
1990; Kuh and Ben-Shlomo, 2004; Shonkoff et al., 2009).The consequences of 
untreated early childhood caries can range from diminished quality of life (WHO, 
2003) to mortality (Casamassimo et al., 2009). Dental caries have an impact on both 
community and individual levels. It impacts on the community’s wellbeing when 
there is disruption of life, work, and school of children and their parents due to pain 
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and its consequences on both oral and general health; and increased usage of the 
health care resources (Casamassimo et al., 2009; Yee, 2008).  
 
Early interventions for the prevention and treatment of caries in children have been 
observed to lead to both cost-effective (Ramos-Gomez and Shepard, 1999) and cost-
saving (Zavras et al., 2000) results. On the other hand, when this disease is left 
untreated, its impact on the child’s health affecting his or her quality of life expressed 
through pain, discomfort, disfigurement, acute and chronic infections (Reisine, 1988). 
Early childhood caries (ECC)-related mortality secondary to infection and treatment 
is underreported owing to inadequate surveillance, lack of ECC registry, issues of 
confidentiality, terms of legal settlements and missing or incorrect diagnosis 
(Casamassimo et al., 2009).  In terms of morbidity, life-threatening conditions due to 
untreated dental caries include systemic sepsis, osteomyelitis and infection of the 
mouth’s floor and neck spaces, when there an environment of poor nutrition, chronic 
disease, and poor access to oral health care (Reisine, 1988). In many hospitals’ 
emergency department, one of the leading paediatric admission symptoms is dental 
pain (Rowley et al., 2006) and visits attributed to tooth decay have costs of US$110 
million (Nalliah et al., 2010).  
 
1.5.1.2 Local Trend 
 
ECC incidence among children in Southeast Asia has been reported to be high 
(Carino et al., 2003; Thitasomakul et al., 2006; Vachirarojpisan et al., 2004; van 
Palenstein Helderman et al., 2006). The risk factors for ECC in Eastern countries 
have not been as well-documented as compared to those in Western countries, where 
cultures, living styles, and child-rearing practices are noticeably different. Singapore 
is a South East Asian high-income country with a diverse ethnic population, of which 
data from the population census in 2002, there is an estimate of 218,000 children 
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aged between 0 to 4 years of age (SINGSTAT, 2007).  To promote caries reduction, 
the fluoridation of public water supplies was first introduced in 1958 at a level of 0.7 
ppm and subsequently reduced to 0.6 ppm (Loh, 1996). Up till the present day, 
almost 100% of the Singaporean population have access to fluoridated water.  
 
In addition to the water fluoridation program, a dental health program was 
implemented in 1949 to provide free dental treatment to all school-aged children from 
7 to 18 years of age. As a result of both programs, a reduction of 34.4% and 40% in 
caries incidence in permanent dentition has been observed in children aged 7 and 8 
years old respectively. Though there seems to be a downward trend, it does not 
significantly affect the rate of caries in primary dentition (Lo and Bagramian, 1997). 
In a cross-sectional study conducted at 6 out of 17 Singaporean public health medical 
clinics, the dental caries rates in 201 children aged 18 to 48 months was estimated to 
be 48%, despite the urbanization and fluoridation of all water supplies. Though local 
school dental health programs provide free dental examination and treatment for 7 
year-old schoolchildren, there are currently no formal public dental health services for 
preschoolers (Hong et al., in press). 
 
1.5.2 Caries in Infants: What are Its Impact and Root Issues? 
 
Early childhood caries can have general and local implications in short and long 
terms. Following pulp necrosis, infection spreads to the pulpal-periodontal region 
either clinically acute or chronic. Depending on the severity of the disease, it can 
spread to the buds of the permanent teeth, causing irreversible damage. 
Complications from subsequent infections can occur in children already compromised 
by a generally weakened state of health (Morrier, 1998). The effects of caries in 
young children extend beyond the mouth. Tooth loss is sometimes inevitable, and it 
can cause orthodontic, aesthetic problems, and speech difficulties. These last two may 
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result in psychological and relationship problems. In addition, children with ECC 
usually weigh less and are shorter than average (Ayhan et al., 1996; Thomas and 
Primosch, 2002). Their growth is affected as they have difficulty sleeping and eating 
due to infection and pain, and their quality of life is diminished (Low et al., 1999). 
ECC is a burden for parents and society as it is both complicated and costly to treat 
caries in very young children, who may require treatment under general anaesthesia 
in hospital settings (Almeida et al., 2000; Berkowitz, 2003b). Meanwhile, data on 
ECC oral health burden in infants and toddlers with systemic illness is incomplete 
(Thikkurissy and Lal, 2009). However, these children should be considered as being 
at high risk for caries and should undergo dental examination and be placed on a 
preventive program (Cubukcu and Sevinir, 2007).  
 
1.5.2.1 Underlying Systemic Pathways and Mechanisms 
 
A. Pre- and Perinatal Events 
 
Peri- and post-natal events may be associated with hypomineralization, predisposing 
teeth to caries. Two mechanisms have been suggested to explain the association 
between low birth weight, hypomineralization and caries: programming (Barker, 
1998) and reduced immune response (Chandra et al., 1977; Chandra and Matsumura, 
1980; Chandra, 2002). Programming describes the process by which an event at a 
critical period of fetal development has lasting effects (Barker, 1998). This event is 
believed to cause a redistribution of blood flow towards tissue necessary for 
immediate survival from other less critical tissues (Rudolph, 1984), which might 
explain the association between maternal hypoxia (Via and Churchill, 1959) and 




Nutrition is one important feature influencing programming of the human body as it 
has profound effects on both fetal hormones and the hormonal-metabolic interactions 
between the fetus, placenta and mother (Harding and Johnston, 1995). Fetal insulin 
and the insulin-like growth factors (IGFs) are thought to have a central role in growth 
regulation and response to changes in fetal nutrition (Fowden, 1989). Both 
undernutrition and decreased levels of maternal IGFs lead to a reduced transfer of 
amino acids and glucose from mother to foetus. As a result, there are lower rates of 
fetal growth (Oliver et al., 1993), which in turn may lead to, among other changes, 
hypomineralization and severe deficits in cell-mediated immunity that can persist for 
as long as five years (Donahue et al., 2005). It has been hypothesized that children 
with impaired immune systems are more susceptible to mutans streptococci (MS, a 
group of bacterial species in the genus Streptococcus) infection during the window of 





Asthma is a chronic inflammatory disorder of the lungs characterized by variable 
airflow obstruction and airway hyper-responsiveness (Sheffer and Taggart, 1993). 
Multiple causative factors have been reported including familial, infectious, 
allergenic, socioeconomic, psychosocial, and environmental (Weiss et al., 1993). 
Most of these cases begin in childhood with a peak prevalence between ages of 6 and 
11 years (Taylor and Newacheck, 1992). Though it is considered to be a common 
childhood disease, the effect of asthma on dental caries needs yet to be further 
investigated. Previous studies have reported conflicting results as the majority of are 
cross-sectional in design and have small, non-representative samples, as well as 
differences in disease severity and medication (Kankaala et al., 1998). It has been 
suggested that there is an increased risk for oral diseases in asthmatic children 
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compared to non-asthmatic ones whether due to their disease or their 
pharmacotherapy (Arnrup et al., 1993; Attrill and Hobson, 1984; Milano, 1999; 
Ryberg et al., 1991). Meldrum and colleagues found little evidence for the association 
between asthma and caries from their longitudinal study (Meldrum et al., 2001). On 
the other hand, a previous study by Kargul and colleagues found evidence that anti-
asthmatic drugs cause oral physiological changes due to the patients’ disease and 
intake of medications (Kargul et al., 1998). 
 
The presence of specific auto-antibodies to β2-adrenergic receptors may cause the 
alteration of salivary composition and flow rate. The administration of β-agonist anti-
asthmatic medications affects these receptors (Ryberg et al., 1987; 1991).  
Consequently, the increased caries prevalence is associated with the prolonged use of 
β2 agonists, leading to the decrease and modification of the salivary protective 
properties (Ersin et al., 2006; Ryberg et al., 1987). With the reduction of salivary flow 
and concomitant increase in cariogenic microbiota, higher caries rate have been 
observed in individuals with asthma, possibly due to anti-asthmatic medications 
containing fermentable carbohydrates and sugar (Ryberg et al., 1987). Reddy and 
colleagues have reported an overall increase in caries rate in children aged between 
three and eighteen years with bronchial asthma, mainly due to the increase in dosage 
and frequency of medication (Reddy et al., 2003). While β2 agonists reduce the 
secretion rates of whole and parotid saliva, the forms of asthmatic medication also 
contribute to the increased caries rate. The use of inhaled drugs may lower the pH in 
asthmatic patients as a large proportion the medication is retained in oropharynx, 
whether through a metered dose inhaler or dry powder inhaler with an extension tube 
(Kargul et al., 1998). The majority of inhalant powders have a pH of less than 5.5; at 
the same time, they may contain sugar to aid the user in recognizing the delivery of 




Though increased numbers of Lactobacilli and Streptococcus mutans (also known as 
S. mutans, which is a single bacterial species in the genus Streptococcus) have been 
reported (Ersin et al., 2006; Ryberg et al., 1987), a recent study found no difference in 
the number of cariogenic bacteria in asthmatic and non-asthmatic preschool children 
(Stensson et al., 2010), but an association between asthma and caries prevalence was 
found. One study found a positive correlation between duration of illness and salivary 
levels of S. mutans and a negative correlation between duration of medication and 
salivary pH (Ersin et al., 2006), leading to the conclusion that both duration of 
medication and length of time of asthma disease can be considered as risk factors for 
caries development. These findings contrast to those of Eloot and colleagues, where 
neither the period of the disease nor the medication were to have a significant 
influence on the risk of caries development in asthmatic children (Eloot et al., 2004), 
though both studies agreed that asthma severity had no significant influence on caries 
risk in the patients (Ersin et al., 2006). 
 
C. Metabolic Disorders 
 
Enamel defects have been associated with paediatric systemic illnesses during the 
critical period of enamel formation (Bhat and Nelson, 1989; Kusiak et al., 2008; 
Russell et al., 1996) and specific metabolic disorders such as phenylketonuria (Lucas 
et al., 2001; Myers et al., 1968), mucopolysaccharidoses (Guven et al., 2008; Rolling 
et al., 1999) and methylmalonic academia (Bassim et al., 2009). Though the above-
mentioned have demonstrated severe diffuse opacities or hypoplasia on teeth, the 
consequences of the effects of inborn errors of organic acid metabolism on enamel 
development are yet to be further investigated (Bassim et al., 2009). Early studies in 
animals have suggested chronic metabolic acidosis to be associated with increased 
fluoride concentrations and disturbances in the enamel mineralization patterns 
(Whitford et al., 1976; Whitford and Reynolds, 1979). High fluoride concentrations in 
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both bone and enamel may result from decreased renal fluoride excretion associated 
with acidotic state (Ekstrand et al., 1980; Jarnberg et al., 1983; Whitford et al., 1976). 
Similarly, it is possible that the expression of dental fluorosis is affected by enamel 
magnesium concentrations as this ion can produce disorders during the early phases 
of biological calcification (Messler 1990) due to the potential inhibition of hydrolysis 
of octacalcium phosphate to hydroxyapatite (Siew 1992).        
 
Systemic alterations occurring during the pregnancy and early infancy can interfere 
with tooth formation, often resulting in enamel hypoplasia. While there is clinical 
evidence of the occurrence of enamel defects in diabetic children and children of 
diabetic mothers (Noren, 1984; Via et al., 1959), the mechanisms involved in the 
dental tissue formation have been mostly elucidated through models using different 
experimentally-induced disturbances including calcium-deficient diet (Lozupone and 
Favia, 1989), endocrine changes induced by thyro-parathyroidectomy (Chardin et al., 
1998), and diabetogenic drugs (Ryan et al., 1993; Silva-Sousa et al., 2003). 
 
The host immune system tends to resist bacterial colonization through protective 
mechanisms including both saliva and gingival crevicular fluid (Lamont and 
Jenkinson, 1998). Several studies have reported glucose intolerance, signs of 
metabolic syndrome, and diabetes-related complications to be responsible in 
promoting periodontal alterations (Jansson et al., 2006; Saito et al., 2004; Shimazaki 
et al., 2007). Diabetes has been implied to be a manifestation of the host’s 
inflammatory response due to increased concentrations of acute-phase response 
markers and cytokines in patients with such disease (Spranger et al., 2003). Diabetic 
patients are more susceptible to the development and aggravation of oral diseases as a 
result of a defective immune response such as impaired of leukocyte chemotaxis, 
decreased polymorphonuclear microbicidal activity, faulty delivery of the humoral 
and cellular immune system components (Bender and Bender, 2003; Cutler et al., 
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1991; Naguib et al., 2004; Oliver and Tervonen, 1994). The mechanisms of the host-
mediated response involve the activation of innate immunity through the upregulation 
of pro-inflammatory cytokines from monocytes and polymorphonuclear leukocytes in 
the presence of Gram-negative subgingival bacterial biofilms (Nassar et al., 2007).  
 
The development and progression of metabolic syndrome has visceral obesity as a 
central component. Though both obesity and oral health are affected by dietary 
patterns, the former has been associated with dental caries, periodontal disease and 
hyposalivation (Mathus-Vliegen et al., 2007). Furthermore, reduced salivary flow 
rates have been associated with childhood obesity (Modeer et al., 2010) and raised-
fasting glycaemia (Ritter, 2007). The effect of hyperglycaemia on the mechanisms of 
exacerbated inflammatory responses within the oral cavity is regulated by innate 
cellular response by the oral epithelia cells (Amir et al., 2011).  
 
The elevated salivary glucose levels in diabetic individuals favour the proliferation of 
microorganisms and enhance their colonization on teeth and oral mucosa surfaces 
(Darwazeh et al., 1991; Edgar, 1992; Manfredi et al., 2004). These conditions favor 
the presence of oral diseases including candidiasis, dental caries, gingivitis, 
periodontal disease, increase the risk of infection, burning mouth, fungal infections, 
taste impairment and poor wound healing (Panchbhai et al., 2010). While one study 
observed higher concentrations of IgG and IgA in gingival tissues of diabetic 
individuals (Fontana et al., 1999), other reports regarding salivary amylase and 
salivary total protein levels are controversial (Ben-Aryeh et al., 1993; Lopez et al., 
2003; Meurman et al., 1998; Tenovuo et al., 1986). Contrastingly, most studies have 
shown salivary flow rates to be at different levels when comparing diabetic and 
healthy non-diabetics (Collin et al., 1998; Lopez et al., 2003; Sreebny et al., 1992; 




Metabolic events during pregnancy and throughout the first year of life may be 
associated with enamel developmental defects (Shulman, 2005). The increased 
prevalence of opaque and hypoplastic enamel resulting from impaired in-utero 
odontogenesis has been attributed to intrauterine undernutrition (Noren et al., 1978b), 
deprivation of calcium and phosphate (Baldani et al., 2004), fluoride, and vitamins A, 
C, and D (Eastman, 2003), in particular from the 12th to 16th gestational week when 
the mineralization of primary central incisors begins (Eastman, 2003; Kraus, 1959). 
Complications during pregnancy such as diabetes, hypertension, infection and 
preeclampsia have also been associated with disturbances during tooth development 
(Noren et al., 1978a; Pimlott et al., 1985).  
 
1.5.2.2 Risk Factors/Indicators 
 
A. Genetic Role 
 
Not only family factors can play an important role in the child’s diet, oral health 
behaviours, and dental utilization (Fisher-Owens et al., 2007; Poutanen et al., 2007; 
Weintraub, 2007; Reisine et al., 2008), but also genetic and other biologic factors 
(Bedos et al., 2005; Weintraub, 2007; Vieira et al., 2008). Though environmental risk 
factors for dental caries have been studied for years (Anderson, 2002; Hunter, 1988), 
the genetic role in the development of this particular oral disease is yet to be known 
better. Among the first studies to provide evidence for a marked genetic component 
to dental caries dates back to 1988 (Boraas et al., 1988). Previous studies are limited, 
having small and non-representative samples, and focusing largely either on children 
or adults. Pioneer twin studies have investigated the heritability of dental caries in 
both children (Armfield and Spencer, 2004; Bretz et al., 2005; Bretz et al., 2006; Liu 
et al., 1998) and adults (Boraas et al., 1988; Haugejorden and Birkeland, 2002; 
Horowitz et al., 1958; Shuler, 2001), supporting its important role and suggesting 
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from 40 to 65 percent of risk for dental caries due to genetic factors (Bretz et al., 
2005; Conry et al., 1993). In one of the recent studies, a longitudinal assessment was 
conducted in 314 twin pairs aged 1.5 to 8 years, where the net increments for all age 
groups possessed a significant genetic contribution (Bretz et al., 2005).  
 
The heritability of tooth decay for primary and permanent dentitions is still unclear, 
and the same goes for whether similar or different genes are involved. Wang et al. 
recently focused on both primary and permanent dentitions (Wang et al., 2010). It 
was observed that caries scores were moderately to highly heritable, and that different 
genes may influence variation in primary versus permanent dentition. Their results 
reflected previous reports indicating the important role of genes on caries 
development (Boraas et al., 1988; Bretz et al., 2006; Conry et al., 1993; Haugejorden 
and Birkeland, 2002; Horowitz et al., 1958). Greater primary caries prevalence and 
primary caries scores in boys (particularly in those aged 6–14 years) were observed 
compared to girls, though similar permanent caries prevalence and permanent caries 
scores in males and females were observed.  
 
There are conflicting results regarding sex differences in caries prevalence and may 
differ by culture and geographic region (Antunes et al., 2003; Khan et al., 2001; 
Wyne and Khan, 1998; Wyne, 2008). Prior studies have observed that females have 
higher caries rates than males across all age groups (Fujita et al., 2007), perhaps due 
to dietary or other environmental factors, earlier teeth eruption in girls, pregnancy 
(WHO, 2001), or sex-dependent genetic factors (Vieira et al., 2008).  
 
Genes playing a role in host defence, such as defensins, are good candidate genes for 
disease susceptibility. Defensins are key elements of innate immune system and 
provide a first line of defence for oral tissues and other organs as they exhibit a broad 
spectrum of activity against invading pathogens, including Gram-positive and Gram-
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negative bacteria (Silness and Loe, 1964; Truin et al., 1993). Variable expression of 
beta-defensin 1 (DEFB1) within the oral cavity has been found to render an 
individual at risk for periodontal disease or caries (Chung et al., 2007; Weinberg et 
al., 1998). There are several studies supporting the possible role of DEFB1 in 
periodontal diseases and caries. Constitutive expression of DEFB1 has been shown in 
the oral cavity when constant exposure to oral microorganisms is present (Dunsche et 
al., 2001; Mathews et al., 1999; Quinonez et al., 2001). DEFB1 is also secreted in 
biological fluids, such as gingival crevicular fluid (Diamond et al., 2001) and saliva 
(Sahasrabudhe et al., 2000), suggesting that expression of DEFB1 may play a role as 
part of the innate host defences in maintaining normal gingival and oral health 
(Ozturk et al., 2010). Ozturk and colleagues recently reported that DEFB1 harbours 
potentially important polymorphic variants, which are associated either with an 
increased (G-20A) or with decreased (G-52A) caries experience that can become 
clinical markers for caries risk in humans (Ozturk et al., 2010). 
 
It has been shown that genetic contributions might lead to an increased trend of caries 
prevalence in females compared to the males. Tentatively, the mechanism could 
reside in the sex chromosomes, exhibiting sex-linked modes of inheritance. The 
variations in the genes present on the X or Y chromosome could alter the host’s oral 
environment and response to the initiation of caries (Ferraro and Vieira). The 
amelogenin (AMELX) gene resides on the p arm of the X chromosome (Patir et al., 
2008) and it contributes to the tooth enamel formation as its protein constitutes 90% 
of the enamel organic matrix (Deeley et al., 2008); and a mutation or deletion in this 
gene results in an X-linked amelogenesis imperfecta (Patir et al., 2008; Wright, 
2006). It is possible that either a deficient AMELX or a deceased amount of 
amelogenin protein lead to the disruption in the formation of enamel matrix, which 
consequently leads to an increased caries risk (Deeley et al., 2008). In females, it is 
possible that the variation occurs through the mechanisms of X inactivation (either 
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randomly or biased) and mosaicism (Deeley et al., 2008). Amelogenesis imperfecta 
can be expressed differently as enamel of affected males can be extremely thin and 
smooth, and can be of almost normal thickness with defective ridging in affected 
females (Alvesalo, 1997). 
 
A few case-control studies have shown a relationship between the AMELX gene and 
caries prevalence, where individuals with higher DMFT indices were found to be 
correlated with overrepresentation of a variant amelogenin allele marker (Deeley et 
al., 2008; Patir et al., 2008). At the same time, in a study by Slayton et al., it was 
found that Tuftelin-1 genotypes appeared to interact with levels of S. mutans infection 
in children with ECC (Slayton et al., 2005). However, no association was found 
between amelogenin markers and caries experience. According to Lukacs and 
Largaespada, there is an almost universal female gender bias in caries (WHO, 2001). 
One possibility is the presence of non-random X-inactivation patterns contributing to 
caries susceptibility. Nevertheless, this does not indicate that male gender has a lower 
risk for developing dental caries (Deeley et al., 2008). The Y chromosome has an 
amelogenin-like gene (AMELY) corresponding to the amelogenin gene in the X 
chromosome (AMELX) (Nakahori et al., 1991). Both of these genes are 
transcriptionally active in male developing tooth buds, as the Y chromosome locus 
encodes a functional protein even though its level of expression is only 10% of that of 
the locus on the X chromosome (Salido et al., 1992). The promoting effect of 
AMELY on tooth growth seems to be more effective than that of AMELX (Alvesalo 
and Portin, 1980). As a result, there is a possibility that the presence of AMELX 
caries susceptibility allele in males to be compensated by the AMELY gene (Deeley 
et al., 2008).  
 
For tuftelin-1 (TUFT1), a gene involved in enamel development and mineralization, 
Slayton and colleagues found that in combination with high levels of S. mutans, there 
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was an increased susceptibility to dental caries (26.8% of the variation in dmfs) and 
there was a negative association between Lactobacilli and caries (Slayton et al., 2005). 
TUFT1 protein is secreted into the enamel matrix and can be detected at the dentin-
enamel junction (Deutsch et al., 1998; Paine et al., 2000) and its expression and 
acidic nature make this gene a good candidate for involvement in the initial stages of 
enamel mineralization (Mao et al., 2001). Patir and colleagues investigated the 
genetic markers in genes involved in the enamel formation previously studied by 
other authors, as it had been suggested that variation in tuftelin-1 in the presence of S. 
mutans and variation in amelogenin contribute to higher caries experience (Patir et al., 
2008).  Their results led to the suggestion that the variation in amelogenin, 
ameloblastin, and tuftelin contribute to caries susceptibility. Ameloblastin is firstly 
mentioned in this study for such contribution and in contrast to amelogenin, being 
expressed during the differentiation of inner enamel epithelium into ameloblasts, with 
intense localization in the Tomes processes of secretory ameloblasts and only modest 
amounts can be detected in the enamel matrix (Krebsbach et al., 1996). 
 
B. Socio-Demographic Factors 
 
Dietary factors have not only been found to be associated with ECC, but also 
traditional cultural norms and social economic status (SES) help shape attitudes 
towards eating behaviours associated with this particular disease (Mobley et al., 
2009).  Ethnicity has been to be associated with differences in food-related beliefs, 
preferences, and behaviours. The interaction between ethnicity and environments 
with lower-than-average neighbourhood availability of healthful foods and higher-
than-average availability of fast food restaurants, along with exposure to ethnically 
targeted food marketing, may contribute to reliance on high calories, low-nutrient–
dense foods and beverages (Kumanyika, 2008). Moreover, ethnic food choices may 
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include increased access to desirable diets rich in fruit and vegetables. ECC has been 
shown to exhibit tooth surface specific prevalence that differ in White, Black, 
Hispanic, and Chinese children (Douglass et al., 1994). In addition, national and 
regional surveys have shown that the distribution of ECC varies by the ethnicity and 
race of the population under study (Shiboski et al., 2003; Tang et al., 1997; Vargas et 
al., 1998). 
 
Even though the multifactorial aspect of the aetiology of ECC has been established 
(Ripa, 1988; Tinanoff and O'Sullivan, 1997), its risk of occurrence is higher among 
some ethnic subgroups with the adjustment for confounding SES variables (Shiboski 
et al., 2003). A strong association has also been shown between family income and 
caries prevalence. Preschool children from low-income families are more likely to 
have caries (Beck, 1998; Vargas et al., 1998). Even though children from high-
income families may have lower caries prevalence, where there is caries development, 
the severity of disease is similar to that of low-income children (Tinanoff et al., 2002). 
Possible explanations include dietary habits and exposure to cariogenic bacteria as 
potential contributing factors (Shiboski et al., 2003). In addition to high MS salivary 
levels, which have been found to correlate strongly with high caries experience 
among various child populations around the world (Alaluusua et al., 1996; Fujiwara 
et al., 1991; Zoitopoulos et al., 1996), there is evidence that MS are transmitted from 
mother to child (Caufield et al., 1993; Kohler et al., 1984; Li and Caufield, 1995). 
Thus, other possible explanatory factors for the high prevalence of ECC among 
specific ethnic subgroups may be related to cultural practices that promote mother-to-







C. Biological Factors 
 
i. Pre- and Perinatal Events 
 
The mineralization of the primary dentition continues after birth and is completed by 
one year of age (Reisine, 1988). Primary teeth have a pre- and post-natal development 
period. Matrix formation and subsequent calcification begins on the fifteenth week 
and continues until several months after birth (Moore and Persaud, 1998). Enamel is a 
stable structure that lacks natural repair mechanisms and any systemic circumstance 
disrupting the matrix formation or maturation will cause a permanent structural defect 
in the teeth under development. At the same time, enamel defects derived from local 
trauma will also leave a local permanent defect. Hence, after eruption, the dental 
enamel provides a distinctive window into the prenatal period, leading to early 
exposure to particular systemic and/or local factors (Turner, 1981). Ameloblasts are 
greatly sensitive and any disturbance during their secretory phase, hypoplasia 
(reduction of thickness of the enamel) results from this event. As for molar incisor 
hypomineralization, the ameloblasts are affected in the later mineralization or 
maturation of amelogenesis (Seow, 1997b; Suckling, 1989). 
 
With the above in mind, peri- and post-natal events throughout the first year of life 
may be associated with hypomineralization, which predisposes teeth to dental caries 
(Shulman, 2005). Research is much needed to explore the association between 
enamel developmental defects and caries, as well as the role of birth complications. 
There is partial evidence regarding the effect of low birth weight (LBW) on enamel 
development and its subsequent risk for caries (Burt and Pai, 2001), particularly in 
the primary dentition (Shulman, 2005). Hypoplastic enamel defects have been 
suggested to result from abnormal events in gestation and birth (Baldani et al., 2004; 
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Lopez del Valle et al., 2005; Noren et al., 1978a; Noren et al., 1978b; Peretz et al., 
2003; Rosenzweig and Sahar, 1962; Via and Churchill, 1959; Via et al., 1959) and 
may be a risk factor for caries of the primary dentition (Shulman, 2005).  
 
Dental developmental defects, as a result of premature birth (<37 weeks), may also be 
associated with other incidents during pregnancy such as maternal infection, 
metabolic disorders (Mellander et al., 1982), and immediate post delivery or delivery 
problems (Litt et al., 1995). Furthermore, enamel defects are associated to systemic 
risk factors including prematurity, LBW (Agarwal et al., 2003; Ferrini et al., 2008; 
Lopez del Valle et al., 2005; Pascoe and Seow, 1994; Seow et al., 1987; Seow et al., 
1989), hypoxia (Seow et al., 1989), respiratory distress (Franco et al., 2007; Johnsen 
et al., 1984), neonatal rickets (Donaldson et al., 2008; Seow et al., 1989), cerebral 
damage, hyperbilirubinemia (Seow, 1991), kidney and hepatic diseases (Koch et al., 
1999), nutritional disorders (Chaves et al., 2007; Rugg-Gunn et al., 1998), 
gastroenteritis (Seow et al., 1989), pneumonia (Seow, 1991), neonatal asphyxia, 
hyperbilirubinemia, neonatal infection (Chaves et al., 2007; Seow et al., 1989) and 
maternal conditions such as preeclampsia and diabetes (Seow, 1991). 
 
Enamel hypoplasia presents irregular and retentive surfaces for increased bacterial 
adhesion (Li et al., 1994). Thus, hypoplastic enamel is more readily colonised by MS 
(Li et al., 1996; Seow, 1998), which poses a higher risk for caries (Lopez del Valle et 
al., 2005; Pascoe and Seow, 1994). Infants with LBW (<2,499 g) have a lower 
immune function (Ballow et al., 1986; Chandra, 1988), which at the same time may 
favour early MS colonization in the oral cavity (Burt and Pai, 2001).  
 
Prior to the eruption of the primary dentition, innate defence mechanisms, such as the 
salivary peroxidise system, may prevent MS colonization in the oral cavity, though its 
elimination depends on acquired specific antibodies, such as salivary 
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immunoglobulin A (Germaine and Tellefson, 1981). It has been previously reported 
that during pregnancy, serum IgG antibodies to S. mutans are transferred from mother 
to infant via placenta and consequently this may affect the neonatal immune response 
(Ivanyi and Lehner, 1977). Another neonatal factor found to also increase the risk of 
early acquisition of MS is the birth delivery mode. Infants delivered by caesarean 
section have been reported to acquire these microorganisms earlier than newborns 
delivered vaginally. Possible rationale behind it is that vaginal delivery may provide 
newborns early protection against MS colonization while caesarean delivery is more 
aseptic, resulting in an atypical microbial environment that may increase the 
susceptibility to subsequent early microbial colonization (Li et al., 2005).  
 
Early colonization of S. mutans in the infant’s oral cavity depends mainly on maternal 
transmission (Berkowitz and Jones, 1985; Kohler and Bratthall, 1978). Mothers 
having high levels of oral S. mutans may introduce them into their children’s mouth 
before teeth eruption (Aaltonen et al., 1987; Kohler and Bratthall, 1978); and the low 
gastric acidity of infants allows bacterial cell components to pass through their 
stomach without harm (Aaltonen et al., 1988). Due to the incomplete antigen 
exclusion, swallowed S. mutans may lead to a systemic antibody response (Aaltonen 
et al., 1985; Tenovuo et al., 1987). The later the natural immunization against S. 
mutans, the higher the susceptibility to dental caries may occur (Tenovuo et al., 
1987). Maternal salivary levels of this bacteria increase significantly during 
pregnancy, with peak levels during lactation. Thus, oral health of the mother during 
pregnancy and lactation may influence the infant’s immune response to S. mutans 









Nutritional stress during prenatal development can affect the integrity of the enamel 
during primary dentition development. Hence, the ability of the tooth to resist 
bacterial invasion and caries is limited (Davies, 1998; Horowitz, 1998; Smith and 
Moffatt, 1998). Episodes of malnutrition or deficiencies during enamel formation can 
predispose teeth to enamel hypoplasia (Fearne et al., 1990; Navia, 1979; Smith and 
Moffatt, 1998). It has been shown that maternal vitamin D supplementation of 400 IU 
a day during pregnancy can reduce enamel defects significantly in primary teeth (p < 
0.01) (Cockburn et al., 1980). In one study, modified stoss therapy was used during 
pregnancy or infancy to determine whether it could reduce ECC and enamel 
hypoplasia in the primary dentition (Schroth et al., 2005). Though children 
participating in the study were beyond the desirable ages to assess enamel hypoplasia 
and ECC in the primary maxillary incisors, the modified stoss therapy was found to 
be associated with eruption time of the child’s first primary tooth. Children whose 
mothers did not receive 100,000 IU ergocalciferol had eruption times significantly 
later than children of supplemented mothers (p < 0.05). This finding was consistent 
with other reports about the effects of malnutrition, premature birth and neonatal 
nutrition on primary tooth eruption (Alvarez et al., 1990; Delgado et al., 1975; 
Viscardi et al., 1994). The association supported the hypothesis that vitamin D can 
influence the development of the primary dentition (Schroth et al., 2005). 
 
Much research for maternal overweight during early pregnancy and its potential 
association to caries development in their offspring is needed as there are possible 
confounding factors and contradicting results (Alm et al., 2008; Bailleul-Forestier et 
al., 2007; Julihn et al., 2009; Kantovitz et al., 2006). On the other hand, a correlation 
between maternal body mass index (BMI) and the risk of obesity in offspring (Wu 
and Suzuki, 2006), has been found to contribute to the link found between maternal 
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overweight and enhanced risk for dental caries in children. The link between maternal 
obesity and caries development in the subsequent generation may be mediated partly 
by unhealthy dietary habits transferred from the mothers to their children (Julihn et 
al., 2009). This supposition is based on the evidence showing that unhealthy dietary 
habits are constantly transmitted from parents to children (Ruottinen et al., 2004), and 
on the importance of dietary habits in the development of dental caries (Kantovitz et 
al., 2006).  
 
Biological mechanisms are potentially involved as during pregnancy, the fetus of 
obese mothers might be affected by hyperglycaemic and hyperinsulinemic episodes 
(Tapanainen et al., 2001), and may negatively influence the metabolism predisposing 
for higher risk of obesity development and chronic inflammatory diseases in the 
offspring (Plagemann et al., 1997; Silverman et al., 1991). It is still unclear if the 
host-microbe interaction in the oral cavity is negatively influenced by prenatal 
overweight (Julihn et al., 2009). Also, overnutrition during prenatal and perinatal 
development may be linked to caries development as it has previously been reported 
to result in long-term consequences of the appetite-regulating neural network and 





The decline in dental caries experience in children is not only attributed mostly to 
widespread exposure to fluoride (Birkeland et al., 2000; Petersson and Bratthall, 
1996), but it may also be due to the high prevalence of antibiotic use (Mariri et al., 
2003). Previous studies have suggested that children who were given long-term 
antibiotic therapy in early childhood may develop fewer carious lesions as antibiotics 
may temporarily eliminate or reduce MS concentration in the oral cavity (Dasanayake 
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et al., 1995; Loesche, 1986; Loesche et al., 1989; Maltz and Zickert, 1982; Staves and 
Tinanoff, 1991).  
 
The use of certain antibiotics, including erythromycin (Kallen et al., 2005), by 
mothers during pregnancy has been found to increase the risk for congenital 
abnormalities in their offspring. However, only few studies have shown the 
association between the intake of antibiotics during pregnancy and its outcome in the 
offspring’s primary dentition. A weak association has been found between antibiotic 
intake and defective enamel formation (Tapias et al., 2001), thus being a risk factor 
for dental caries (Li et al., 1996; Matee et al., 1994). As the primary dentition 
continues to calcify throughout the first year of life (Pinkham et al., 2005), incidents 
including those caused by systemic infections may cause damage to the ameloblasts, 
which in turn results in the formation of hypoplasic primary teeth and therefore 
representing an increase risk for caries development (Li et al., 1996; Matee et al., 
1994). It has been speculated that amoxicillin interferes with ameloblast function and 
either accelerates the initiation of amelogenesis and/or the enamel accretion rate 
(Laisi et al., 2009). 
 
Few medications have been identified to disturb the dental hard tissue formation, 
including anticancer drugs, such as cyclophosphamide and tetracycline, causing 
discoloration of the developing dentition (Satoh et al., 2001). Studies in the past 
including one in the 1960s, tetracycline administered in early infancy was shown to 
not only cause discoloration, but also result in enamel hypoplasia (Witkop and Wolf, 
1963). In the 1970s, it was found that tetracycline use by itself reduced caries 
experience in non-hypoplastic primary dentition by 25% and, its intake in 
combination with fluoride exposure provides an additive effect in reducing caries 
experience (Brearley and Porteous, 1973). The caries-reducing effect of the fluoride 
resulted from prolonged exposure during tooth formation, while the effect of 
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tetracycline resulted from single or episodic exposure during brief periods of time 
between its incorporation into the tooth structure and subsequent tooth exposure to 
the cariogenic environment after dental eruption. 
 
Studies have shown antibiotics to have a different effect on oral microflora and dental 
caries. In one study, there was no significant difference when antibiotic intake during 
6 weeks to 32 months of age was compared in 4- and 7-year old children with severe 
caries and without caries, despite a tendency for a higher use of antibiotics in the 
caries-free group (Mariri et al., 2003). In another study, a higher MS prevalence was 
found in children who took antibiotics during early childhood compared to those who 
did not (Dasanayake et al., 1995). In a case-control study nested within a longitudinal 
study (Mariri et al., 2003), characteristics of children aged 4 to 7 years with extensive 
caries experience in the primary dentition were compared to those with no caries 
experience by using longitudinal data collected previously from birth including 
antibiotic use, dietary patterns, and fluoride intake. The findings were consistent with 
a previous study in which children who had been exposed to antibiotics had less 
caries experience compared to those with minimal exposure (Loesche et al., 1989). 
However, caries experience in the primary dentition was not found to be significantly 
affected by antibiotic use, except for 12-16 month and second year time period in the 
bivariate analyses. 
 
Various studies have reported that S. mutans first appears in the mouth with the 
eruption of the first teeth (Berkowitz et al., 1975; Caufield et al., 1993) and few cross-
sectional studies have mentioned its presence in pre-dentate infants (Edwardsson and 
Mejare, 1978; Milgrom et al., 2000). In a study of 172 pre-dentate, six month-old 
infants (Wan et al., 2001a), children who had at least 5 courses of antibiotics were not 
likely to be infected with S. mutans (p<0.001 in pre-term; p<0.02 in full-term). Before 
tooth eruption, it was found that over 50% of preterm and 60% of full-term infants 
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were already infected with S. mutans. Though it has been established that ECC is 
associated with dietary factors (Mohan et al., 1998), more studies regarding risk 
factors in relation to colonization of cariogenic bacteria are needed. In a study by 
Wan and colleagues, it was reported that children with Streptococcus mutans 
consumed sugar at double the rate of the non-infected infants. Due to the association 
between the absence of such microorganism and antibiotic use, it was suggested that 
antibiotics administered at the pre-dentate stages have potential in preventing 
microbial colonization (Wan et al., 2001a). In one follow-up longitudinal study (Wan 
et al., 2003), it was shown that by 24 months of age  84% of total dentate children had 
been colonized by MS, though there were no differences between pre-term and full-
term infants. Moreover, the factors significantly associated with MS colonization 
included frequent exposure to sugar, frequent snacking, taking sweetened drinks to 
bed, sharing foods with adults and high levels of maternal MS. In contrast, non-
colonization was associated with multiple courses of antibiotics taken between 13 and 




Saliva, with its components including immunoglobulins and non-immunoglobulins, 
flow, viscosity, and buffering capacity, plays an important role in the prevention, 
initiation, and progression of dental caries (Whelton, 1996). Salivary proteins have 
various interactions with bacteria including antibacterial activities, bacterial 
agglutination, and clearance, as well as by providing receptors for bacterial adhesion 
and subsequent colonization (Scannapieco, 1994). Though saliva has been explored 
as a potential caries risk indicator (Leone and Oppenheim, 2001; Van Nieuw 
Amerongen et al., 2004), the exploration of its role in the pathogenesis of early 
childhood caries (ECC) is recent (Al Amoudi et al., 2007; de Farias and Bezerra, 
2003; Fonteles et al., 2009; Hegde et al., 2008; Vacca Smith et al., 2007). Plaque is 
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not as reliable as saliva when it comes to predicting the prevalence of oral bacteria, 
including MS, due to the large variation of bacterial counts between tooth surfaces 
(Lindquist and Emilson, 1990), as it has been shown when saliva samples were used 
in a recent study to investigate the association of S. mutans and S. sobrinus levels 
with caries experience in schoolchildren (Nurelhuda et al., 2010) and in another study 
to investigate the distribution of MS infection in caries-free and caries-active 
preschool children. At the same time, it has been demonstrated that saliva and its 
continuous contact with all teeth reflects better the colonization of bacteria on the 
dentition (Emilson, 1983). 
 
The major functions of saliva are directly related to its composition and flow rate 
produced by the three major salivary glands: parotid, submandibular, and sublingual 
(Scott and Symons, 1982). The parotid gland produces “watery” serous saliva high in 
amylase, the submandibular gland produces mucinous saliva, and the sublingual 
gland produces viscous saliva (Brand and Isselhard, 1990). The composition of mixed 
saliva is not equal to the total of these three types of secretion as some salivary 
proteins adhere to enamel surfaces and others attach to the oral mucosa (WHO, 
2001). Mixed saliva produces three buffering agents, five antibacterial agents, and 
five factors affecting mineralization (Dowd, 1999), which perform various functions 
including protection, buffering, digestion, taste, antimicrobial action, and tooth 
integrity (Ten Cate, 1994).  
 
As the quantity of saliva is determined by the level of minerals, the amount of 
antimicrobial constituents, buffer capacity and the quality of saliva is a reflection of 
the average flow rate, both interact synergistically, and affect oral health (WHO, 
2001). As there are individual variations, they may be influenced by factors including 
malnutrition (Lingstrom and Moynihan, 2003), arthritis, diabetes, and hypertension 
(Garg and Malo, 1997; Papas et al., 1993; Persson et al., 1998). Females have been 
49 
 
found to have significantly lower flow rates than males (Bergdahl, 2000; Dowd, 
1999; Percival et al., 1994; Salvi et al., 1998). It has been suggested that the presence 
of estrogen-receptor mRNA and immunoreactive estrogen-receptor protein in the 
salivary glands and oral mucosa, linking the influence of estrogens to oral health 
(Leimola-Virtanen et al., 1997). Pregnancy has been shown to further demonstrate the 
causal link between estrogen and caries rate in previous decades (Delman, 1955; 
Laine et al., 1988; Liu and Lin, 1973). 
 
Various salivary proteins, such as lysozime, lactoperoxidase, immunoglobulins, 
aglutinines, mucins, and lactotransferrin, have antibacterial effect (Van Nieuw 
Amerongen et al., 2004). Zehetbauer and colleagues investigated the putative 
involvement of salivary proteins in caries development through the comparison of the 
major salivary protein patterns among 30 children with ECC and 20 caries-free 
controls, where a series of different gel and blot stains was performed in order to 
obtain a comprehensive of protein component in saliva (Zehetbauer et al., 2009). The 
important role of saliva as protective factor in the disease process was supported in 
this study as well as by Sas and colleagues, where a blockage of salivary flow to the 
maxillary incisors during bottle-feeding promoted the initiation of caries in 
comparison to the mandibular incisors remaining unaffected due to the secretion of 
saliva by the submandibular-sublingual salivary glands, thus providing constant 
flushing (Sas and Dawes, 1997). In a study conducted in 2003, the organic 
composition of saliva from caries-free children and children with ECC was analyzed, 
of which the latter presented higher levels of total salivary IgA and IgG (de Farias 
and Bezerra, 2003). These results were consistent with other studies involving young 
adults and dental caries (Challacombe, 1980; Grahn et al., 1988; Lehtonen et al., 
1984). The high concentrations of sIgA in children with ECC can be associated with 
an increased antigenic load, leading to a high production of antibodies (Grahn et al., 
1988). Though it would not be related to a direct protection against dental caries, it 
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would reflect a past exposure of the host to cariogenic microflora (Challacombe, 
1980). The high concentrations of sIgG can be due to the simultaneous presence of 
gingivitis (Grahn et al., 1988), as gingival crevices are the main source of salivary 
IgG in normal individuals (Brandtzaeg, 1989). It has been observed that parents of 
children with ECC usually show poor quality in the performance of oral hygiene 
measures, favouring the development of dental plaque, especially in the cervical third 
of the child’s teeth, leading to the establishment of gingivitis (Reisine and Douglass, 
1998; Seow, 1998).  
 
Salivary IgA (sIgA) is a secretory immunoglobulin having a dimeric structure and 
contributes 60% of the total immunoglobulin count in saliva. By neutralizing the 
bacterial toxins and enzymes and preventing the adherence of bacteria to the tooth 
surface by blockage of bacterial adhesions, reduction of hydrophobicity, and 
agglutination of the bacteria, sIgA takes part in the salivary antibacterial action 
(Newbrun, 1978). The correlation between salivary IgA and dental caries is yet to be 
known further as previous studies have reported contradicting results. While some 
have reported higher levels of sIgA in caries-resistant individuals compared to caries-
susceptible ones (Cogulu et al., 2006; Gregory et al., 1990; Legler et al., 1981; 
Parkash et al., 1994; Rose et al., 1994; Tenovuo et al., 1992), others found no 
association (Camling and Kohler, 1987; Everhart et al., 1978; Koga-Ito et al., 2004; 
Shifa et al., 2008). 
 
Lactotransferrin is a multifunctional metalloprotein (Liu et al., 2003; Orsi, 2004) 
produced in several tissues and present in multiple organism fluids, including saliva, 
tears, semen, sweat, colostrums, milk and nasal secretion (Liu et al., 2003; Teng, 
2002). This salivary non-immunoglobulin can modulate dental biofilm aggregation 
and development, inhibiting S. mutans adhesion (Berlutti et al., 2004; Oho et al., 
2002). Its direct bacteriostatic effect is attributable to both its high affinity for iron, 
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which helps deprive bacteria from this growth element, and its ability to damage the 
outer membrane of bacteria, suppressing free radical mediated damage and generating 
nitric oxide in macrophages (Adamik and Wlaszczyk, 1996; Ellison et al., 1998; 
Lagerlof and Oliveby, 1994; Masson et al., 1969; Weinberg, 2001; Zagulski et al., 
1994). A significant association has been found between decayed surfaces and 
salivary lactotransferrin concentration (Sikorska et al., 2002). One recent study 
investigated the association between an A/G polymorphism in the lactotransferrin 
gene and dental caries, where no statistically significance was found between the 
groups with and without caries experience in the genotypic frequency, though there 
was a difference with a significant border line in the allelic distribution (Azevedo et 
al., 2010). Also, it was observed that one of the alleles (allele 1) of polymorphism 
A/G, in the exon 2 of the lactotransferrin gene showed to be a protective factor 
against dental caries experience. 
 
D. Microbiological Factors 
 
i. Bacteria Colonization 
 
Mutans streptococci contribute to the caries formation due to their increased ability to 
adhere to tooth surfaces and their aciduric/acidogenic qualities (Loesche, 1986). 
Preschool children with high colonization levels of MS have both higher caries 
prevalence and a higher risk for new lesions than those children with low levels of 
MS (Wan et al., 2001b). Furthermore, colonization with MS at an early age is an 
important factor for early caries initiation (Alaluusua and Renkonen, 1983; 
Thibodeau and O'Sullivan, 1996). The colonization of MS in a child’s oral cavity 
generally results from the transmission of microorganisms from the child’s 
mother/primary caregiver (Douglass et al., 2008). Infant factors such as frequent 
sugar exposure and habits that result in the salivary transfer of MS from mother to 
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infant; and maternal factors such as high levels of MS, poor oral hygiene, low 
socioeconomic status, and frequent snacking, influence the transmission process 
(Birkeland et al., 1976). The presence of S. mutans at 1 year of age is an effective 
predictor of caries at 3.5 years of age (Grindefjord et al., 1995). 
 
As mentioned before, the colonization of MS in a child’s oral cavity generally results 
from the transmission of microorganisms from the child’s mother/primary caregiver. 
Consequently, its early acquisition is a key event in the natural history of dental caries 
and it may occur via vertical or horizontal transmission (Poureslami and Van 
Amerongen, 2009): 
a. Vertical transmission occurs from caregiver to child, where the major reservoir 
from whom the infant acquires MS is the mother. Evidence for this rationale 
comes from several clinical studies in which S. mutans strains isolated from 
mothers and their babies exhibited similar or identical bacteriocin profiles 
(Berkowitz and Jordan, 1975; Berkowitz and Jones, 1985; Davey and Rogers, 
1984) and identical plasmid or chromosomal DNA patterns (Caufield et al., 1982; 
Caufield et al., 1985a; Caufield et al., 1985b; Caufield et al., 1988; Kulkarni et al., 
1989). Successful infant colonization of maternally transmitted microorganisms is 
related to several factors including the magnitude of the inoculum (Berkowitz et 
al., 1981), frequency of small dose inoculations (Loesche, 1986), and a minimum 
infective dose (Van Houte and Green, 1974).  
b. Horizontal transmission occurs between members of a group, such as brothers, 
sisters, or other babies at day-care centres (Berkowitz, 2006). Indication of this 
type of transmission as another vector for bacterial acquisition was demonstrated 
in a study by Mattos-Graner and colleagues (Mattos-Graner et al., 2001). S. 
mutans was isolated from groups of children 12-30 months of age and genotyped 
the isolates with primed polymerase chain reaction and restriction fragment-length 
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polymorphism analysis, where as a result, many children had identical genotypes 
of S. mutans.  
 
ii. Window of Infectivity 
 
There are studies demonstrating infants acquiring MS from mothers, which is likely 
to take place during a “window of infectivity” after the eruption of primary tooth 
from 19 to 31 months of age (Ji et al., 2005; Rodis et al., 2005). Caufield and 
colleagues reported that 25% of their infant population (n=46) acquired MS by 19 
months of age (Caufield et al., 1993). The vertical transmission of MS from mother to 
infant occurs at an average age of approximately two years of age, where genotypes 
of this bacterium in infants have been found to be identical to those present in 
mothers in 70.6% of mother-infant pairs (24 of 34 infants) (Li and Caufield, 1995). 
However, more recent studies indicate that MS can also colonize the mouths of 
predentate infants as young as 3 months of age (Berkowitz, 2003a; 2006; Law and 
Seow, 2006; Li et al., 2005; Ramos-Gomez et al., 2002; Wan et al., 2001a; Wan et al., 
2001b). Not only the likelihood of transmission of infection from mother to child can 
increase due to poor maternal oral hygiene and increased daily frequency of snacks 
and sugar (Wan et al., 2003), but the birth delivery mode could also increase such 
probability (Li et al., 2005).  For this reason, ECC preventive program should begin 
in prenatal and perinatal periods, so to include pregnancy and the first month after 
birth (Poureslami and Van Amerongen, 2009). Moreover, it has been reported that 10 
of 15 children acquired MS during a 7-year period, and a second “window of 
infectivity” after the age of 5 when the permanent dentition erupts has been 
postulated (Berkowitz, 2003a). Hence, the determination of the time of initial MS 
acquisition remains controversial regardless of the studies that have reported the 
discrete-time window from 19 to 31 months, with a median age of 26 months 
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(Caufield et al., 1993) and the time of emergence of the primary molars (Berkowitz, 
1996; Tedjosasongko and Kozai, 2002).  
 
E. Dietary Patterns 
 
Dietary factors, especially sucrose, influence dental caries prevalence and severity 
(Rugg-Gunn, 1966). The acid production from its metabolism disrupts the 
equilibrium of the microbial environment in favour of bacterial growth (Marsh, 
1991). Four cohort studies in children aged 1 to 5 years found that the daily 
consumption of sugar-containing drinks, especially during the night, and daily sugar 
intake were independent risk factors for ECC development (Grindefjord et al., 1996; 
Karjalainen et al., 2001; Rodrigues and Sheiham, 2000; Wendt et al., 1996). 
 
Another concerning issue is the potential association between breastfeeding and ECC. 
Breastfeeding is recommended by paediatricians and other health care professionals 
to be continued for at least the first year of life and beyond, for as long as mutually 
desired by mother and child (Gartner et al., 2005). Results from various studies 
have shown that there is no correlation between ECC and breast feeding or 
with its duration (Dye et al., 2004; Jose and King, 2003; Rosenblatt and Zarzar, 
2002; Santos and Soviero, 2002). Yet, the American Association of Pediatric 
Dentistry (AAPD, 2008a) discourages the bedtime infant breastfeeding, especially 
after the eruption of the first tooth to prevent ECC. A systematic review by Valaitis 
and colleagues (Valaitis et al., 2000) investigating the relationship between 
breastfeeding and ECC found that out of 28 relevant articles, only 3 were rated to 
have moderate quality. Due to conflicting findings, no evidence-based conclusion 
could be drawn from this review. However, the findings of other researchers since 
2000 has led to the controversy of prolonged and unrestricted breastfeeding being a 
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potential risk factor for ECC (Azevedo et al., 2005; Dini et al., 2000; Sayegh et al., 
2005). Such findings include the positive association found between caries and 
months of breastfeeding in a Singaporean study (Gao et al., 2007). After controlling 
for multiple confounders and with different categories of breastfeeding, the 
significant increase of caries risk was found when the duration of breastfeeding is 
above the threshold of one year, allowing a “healthy window for breastfeeding”. The 
epidemiologic evidence is limited regarding its duration and quantity playing a role in 
the caries process. 
 
Night-time use of a nursing bottle has been shown to be prevalent in children with 
and without caries. This nocturnal feeding habit is known to contribute to ECC 
development (Schwartz et al., 1993; Weinstein et al., 1992). Thus, the contents of the 
nursing bottle and the length of time that the bottle is in the mouth especially at night-
time are probably more important and appear to be positively related to ECC 
(Schwartz et al., 1993). In addition, it has been demonstrated that infants with ECC 
sleep less at night, they tend to wake up more frequently, and to receive more 
frequent bottle feedings as a way to manage their sleep problems (Shantinath et al., 
1996). 
 
It has been suggested that it is unlikely that milk accumulates in the infant’s mouth 
during breast feeding because the breast and nipple occupy a greater volume of the 
oral cavity during breast feeding than does an artificial nipple used on a nursing bottle 
(Abbey, 1979). This mechanism should theoretically mean that breast feeding does 







F. Behavioural Factors 
 
i. Smoking 
Maternal smoking during pregnancy have been reported to increase the risk of 
various chronic disorders in children, including cardiovascular diseases (Edstedt 
Bonamy et al., 2008; Malik et al., 2008), respiratory infections (Jurado et al., 2005), 
asthma (Metsala et al., 2008), type 2 diabetes (Montgomery and Ekbom, 2002), 
rheumatoid arthritis and other inflammatory polyarthropathies (Jaakkola and Gissler, 
2005) and gastrointestinal dysregulation (Shenassa and Brown, 2004), as well as cleft 
lip/palate (Chung et al., 2000). It has been suggested that there is a link between 
exposure to passive smoking and dental caries (Julihn et al., 2009).  
 
There are reports of an increased relative risk for caries prevalence/caries experience 
in primary teeth due to exposure to parental environmental tobacco smoke (Aligne et 
al., 2003; Hanioka et al., 2008; Leroy et al., 2008; Shenkin et al., 2004; Williams et 
al., 2000); however, conflicting results have been reported for permanent teeth 
(Aligne et al., 2003; Ayo-Yusuf et al., 2007; Tanaka et al., 2006). The exposure to 
smoking during pregnancy, in relation to caries development later in life, is yet to be 
addressed (Julihn et al., 2009). There might be involvement of mediators of the 
immune system, since cigarette-smoke exposure during pregnancy has been reported 
to exhibit adverse effects on the immune system by modifying fetal T-helper, Th-1 
and Th-2 cell function (Devereux et al., 2002; Le Souef, 2006; Macaubas et al., 2003; 
Noakes et al., 2003) through effects on toll-like-receptors, which may result in 
enhanced susceptibility to infections at the post-delivery stage (Noakes et al., 2006).  
 
Julihn and colleagues hypothesized that the disturbance of the immune response of 
the foetus may influence the early microbial colonization of the tooth surfaces in the 
oral cavity, being a predisposition for caries (Julihn et al., 2009). Leroy and 
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colleagues offered another hypothesis where the link between maternal smoking and 
dental caries could be unhealthy dental attitudes, since it has been reported that 
children, raised by parents who smoke, brush less frequently, received less help with 
brushing and consumed more in between meals and nightly beverages (Leroy et al., 
2008). 
 
ii. Alcohol Consumption 
 
The growth hormone (GH) and the insulin-like growth factor 1 (IGF-1), as well as 
thyroid and steroid hormones, are all crucial for development during early childhood 
(Naidoo et al., 2006). The capacity of tissue to accept and utilize hormones is 
dependent upon factors via appropriate receptors as well as the amount of GH-
binding protein and IGF-1-binding protein that are important for hormonal transport, 
and consequently their tissue uptake that results in growth activity (Myllarniemi et 
al., 1978). IGF-I, IGF-II, and IGF binding proteins are important modulators of fetal 
growth and development (Singh et al., 1994). Most studies on maternal alcohol 
exposure have revealed reduced circulating IGF-I levels in the foetus (Breese et al., 
1993; Halmesmaki et al., 1989; Sonntag and Boyd, 1989). It is generally assumed that 
orofacial development follows the predominant growth pattern of the body, which is 
controlled by the same endocrine system (Demirjian et al., 1973). Independent of 
each other, different researchers have reported delayed dental maturity in children 
with or without impaired hormonal status or as part of a syndrome (Hagg and 
Matsson, 1985; Loevy, 1983; Nykanen et al., 1998; Pelsmaekers et al., 1997). 
 
iii. Psychological Factors 
 
Research on the interaction of indirect causal agents in the aetiology of early 
childhood caries (ECC) includes socioeconomic, psychological and behavioural risk 
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factors (Pine et al., 2004). With the latter in mind, stress has been reported as a risk 
factor for child oral health outcomes (Tang et al., 2005). Parenting stress not only 
affects parenting behaviours with respect to child health, but also the health 
maintenance visits than illness visits. Children who are healthy are often expected to 
have dental visits twice a year, but healthy children do not have regular paediatric 
well-child visits. On the other hand, children are more likely to visit their 
paediatrician when they are sick. As a result, if parenting stress affects child health, it 
is more likely to have an effect on health maintenance and disease prevention 
measures rather than paediatric illness visits (LaValle et al., 2000). This mental health 
state surrounding certain chronic childhood diseases has been shown to lead to poorer 
nutrition and meal planning abilities (Dahl et al., 1996; Powers et al., 2002; Zeller et 
al., 2007). LaValle and colleagues have previously reported that increased parental 
stress lead to poorer oral health in children (LaValle et al., 2000).  
  
Parental stress, along with other psychosocial determinants including parental low 
self-efficacy, stressful life events, stress level, knowledge and beliefs, have been 
reported to have a significant association with early childhood caries (De Soet et al., 
2008; Fisher-Owens et al., 2007; Frank et al., 1991; Quinonez et al., 2001; Tang et 
al., 2005).  Even though the association between parenting stress and ECC has not 
been extensively investigated for conclusive and non-conflicting results, a direct 
relationship between general life stressors and early childhood caries has been 
reported (Jabbarifar et al., 2009). Moreover, it has been demonstrated that other 
psychosocial factors contribute to ECC, such as health belief scales of maternal self-
efficacy, psychosocial measures of depressive symptoms, and availability of 






1.5.3 Caries in Infants: How to Approach It? 
 
The expansion of basic microbiological models for ECC development have included 
various social, demographic and behavioural factors such as ethnicity, family income, 
maternal education level, family status, tooth brushing habits and parental knowledge 
and beliefs. Although the predictive power of such variables have been inconsistent, 
high caries experience within selected community groups reflects the importance of 
factors other than the presence of MS alone in the process of ECC development. 
Other models have demonstrated the interaction between socio-economic status, 
ethnicity, immigrant status, infant feeding, fluoride exposure, oral hygiene and ECC 
presence in preschool children. As most studies of ECC have been conducted among 
specific ethnic, immigrant and lower socio-economic communities, extrapolation of 
current risk assessment models to the population in general is challenging (Hallett 
and O'Rourke, 2003). Hence, the collective and individual effect of these factors in 
determining ECC presence have not been fully explored in Singaporean population, 
specifically in the pre-, peri-, and post-natal women and their infants. In addition to 
this, few studies, specially involving pregnant women/infants and toddlers, have yet 
used and measured factors to explore biomarkers to enhance the prediction of caries 
development at an individual level, for example using biological variables related to 
plaque, diet, and saliva making a five marker panel (Nordlund et al., 2009). 
 
1.5.3.1 Caries Risk Assessment 
 
Identifying and assessing groups and individuals at risk for developing new dental 
caries allows determination and development of appropriate and effective prevention 
strategies. Caries risk assessment (CRA) is an emerging, developing science. Various 
methods for assessing risk exist, and no single model predominates. Methods that 
take multiple factors into account achieve greater accuracy for predicting risk of 
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dental caries, more so among groups than among individuals. The goal of caries risk 
assessment is to better identify patients at risk of future caries, identify risk factors, 
and to intervene appropriately to reduce future disease. Basically, it has two purposes: 
1. To identify individuals who will most likely develop caries. 
2. To provide these individuals proper preventive and treatment measures to stop the 
disease (Bratthall and Hansel Petersson, 2005). 
 
Caries risk assessment is performed to increase the probability that patients receive 
appropriate caries preventive treatment (ADA, 1995; Powell, 1998; Pitts, 1998; NIH, 
2001; Featherstone et al., 2003). In order to be effective, a risk assessment must be 
accompanied by an appropriate intervention. For example, for patient at elevated risk 
of caries, preventive interventions should be initiated to reduce the expected elevated 
incidence and severity of caries in the future. As for patients at low risk, they are in 
no need for additional preventive interventions and should be offered extended recall 
intervals. This individualization of preventive and recall activity results in more 
appropriate use of dental resources and lower dental costs for some individuals (Brad 
Rindal et al., 2006). 
 
From a broad point of view, there are three main approaches for caries risk 
assessment: 
1. Past caries experience: in several studies among the young population, it has been 
found that those individuals who develop lesions early in life or have several 
lesions early in life tend to develop more lesions in the future (Downer, 1978; Rise 
et al., 1979; Seppa et al., 1989; van Palenstein et al., 1989; Helfenstein et al., 1991; 
Raadal and Espledid. 1992; Powell, 1998; van Palenstein et al., 2001; Zero et al., 
2001; Helderman et al., 2001; Li and Wang, 2002). This method functions better as 
a prediction model rather than a risk model, as it simple, inexpensive, fast, and 
specifies the particular operating risk factors. 
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2. Socioeconomic factors: individuals living under severe conditions often tend to 
develop more lesions than those having a better situation. This is not a risk model, 
as it does not specify the biological risk factors. 
3. Biological factors: factors that actively operate in the caries process can be used for 
risk assessment, including bacteria, diet and host factors, leading to the possibility 
of being both a prediction model for future caries, as well as a risk model as it 
specify individual risk factors. The challenge to this approach is to correctly 
synthesize the various inter-related caries risk factors into a system to be easily be 
used by the dental professional in daily practice (Bratthall and Hansel Petersson, 
2005). 
 
Caries risk assessment studies have so far taken either of two major forms (Hansel 
Petersson et al., 2002): 
1. Cross-sectional studies, where various caries-related factors have been identified, 
measured, and co-related to the actual caries status of the individual, i.e. to the 
past caries experience. 
2. Longitudinal studies, where factors have been related to the caries increment over 
a period of time, usually 1-3 years (Newbrun and Leverett, 1990; Stewart and 
Stamm, 1991; Hausen, 1997). 
 
1.5.3.2 Prevention/Intervention Programs 
 
Though there has been an increase in knowledge regarding risk factors for ECC, 
preventive interventions to reduce the disease trend are less as clinical trials on 
infants and toddlers are challenging and difficult to accomplish due to several reasons 
including (Tinanoff and Reisine, 2009): 
- Populations of young children at risk for dental caries are difficult to recruit 
because they are not enrolled in large numbers in institutional settings.   
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- Parents of young children, especially those with low SE status, have difficulty in 
complying with the interventions and often drop out of clinical trials. 
- Institutional review boards are careful in approving studies in young children and 
make demands on the study design, such as not allowing untreated control groups 
and requiring that treatment must be assured for children identified with disease. 
 
Successful intervention programs involving mothers/mothers-infants may include 
some of the measures mentioned below. 
 
A. Preventive Measures 
 
i. Systemic Fluoride Supplements 
 
Systemic fluoride supplements can be recommended on the basis of when fluoride 
content of water is suboptimal or unknown. Caries reduction of 30% to 80% in 
primary teeth through fluoride supplements has been shown in an elevated number of 
clinical trials, provided that therapy is started close to birth and continued for 5 years 
and above (Driscoll, 1974), though these were done in the decades of 1950’s and 
1960’s (Levy and Guha-Chowdhury, 1999). Overall, they are not recommended for 
low-risk children under the age of three. On the other hand, they are recommended 
for high-risk children beginning at the age of 6 months, when the child first visits the 
dentist in non-fluoride communities (Limeback et al., 1998). 
 
ii. Fluoride Varnish 
 
Fluoride varnish is ideally suited for topical applications in young children because of 
its ease of use, acceptability, and reduced risk of fluoride over-ingestion. Its efficacy 
in reducing caries in primary teeth has been shown in various studies (Autio-Gold and 
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Courts, 2001; Frostell et al., 1991; Holm, 1979; Twetman et al., 1996; Weintraub et 
al., 2006). And as a result of good evidence showing that children’s oral cavity is 
generally colonized with MS through vertical transmission, there has been a range of 
reports of interventions of mothers by using various combinations of treatments, 
including antimicrobial agents, fluoride, xylitol chewing gum, and restorative care in 
order to reduce MS and consequently caries in their offspring. Most studies found a 
reduction of MS in their children, while only 2 showed significant caries reduction 




As xylitol decreases the synthesis of insoluble extracellular polysaccharides in vitro 
(Soderling et al., 1987), its habitual consumption might limit MS adhesion to the 
enamel, thereby inhibiting its transmission. Similar results have been shown in 
mother-child xylitol studies where intervention was started after delivery and 
terminated close to or within the “window of infectivity” period for the children 
(Caufield et al., 1993). In another study, the effectiveness of maternal xylitol 
exposure during an earlier period (starting at 6 months of pregnancy) and neither 
overlapping nor approaching the “window of infectivity” period for children, along 
with basic preventive measures, significantly reduced the mother-transmission of MS 




Chlorhexidine has been widely used for chemical plaque control due to its 
antibacterial effect and inhibition of bacterial accumulation on tooth surfaces (Gehlen 
et al., 2000; Gronroos et al., 1995; Lobos et al., 2009).  This chemical agent can 
reduce existing MS, prevents the formation of new plaque, and selectively suppresses 
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the growth of such microorganisms leading to the reduction of caries incidence 
(Emilson, 1994; Jarvinen et al., 1993). However, the evaluation of different 
chlorhexidine products by a meta-analysis in 2011 showed insufficient evidence that 




Sealants are indicated to prevent occlusal caries of the primary molars (AAPD, 
2004a; Tinanoff and Douglass, 2001) and should be used beginning at age 3 after 
considering the caries risk and clinical recommendations. However, there is 
incomplete evidence regarding their application and effectiveness in the prevention of 
caries in primary dentition (Mejare et al., 2003). 
 
vi. Reduction of Harmful Behaviours through Counselling and 
Motivational Interviewing 
 
Changes in behavioural patterns play an important role in the prevention of ECC 
(Grindefjord et al., 1995; Harris et al., 2004; Law and Seow, 2006; Yonezu and 
Machida, 1998). Interventions during pregnancy and/or early childhood have long-
term effects on children’s health and development. As the efficacy of primary 
caregivers’ in preventing MS transmission to their child through proper hygiene 
practices to reduce this harmful process still needs to be established, nutritional 
counselling comes in context. Its purpose in reducing caries incidence in children is 
aimed primarily at teaching parents the importance of reducing frequent sugar 
exposure (Tinanoff and Reisine, 2009).  
 
An alternative approach to traditional health education (advice giving and persuasive 
approaches) to promote good oral health behaviours is through motivational 
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interviewing (MI), as confirmed by a clinical trial in 2011 (Ismail et al., 2011). It 
provides strategies to move patients from inaction to action, which was initially 
developed as a treatment approach for addictive behaviours and as an intervention for 
chronic diseases/conditions affected by lifestyle (Bombardier et al., 2008; Fischer et 
al., 2008; Greaves et al., 2008; Resnicow et al., 2006). Such an approach has been 
used in dental public health and compared to traditional health education in a one-
year randomized clinical trial composed of mothers of infants aged 6 to 18 months 
(Weinstein et al., 2004). Age stratification was implemented to account for individual 
differences in number of teeth erupted and time of exposure to cariogenic foods, as 
well as gender stratification to account for parenting differences that may affect caries 
risk. Children in the MI group had 0.71 new carious lesions in comparison to 1.9 new 
carious lesions in children in the health education group.        
    
vii. Dental Referral 
 
As MS colonization and the carious process often begin before the child’s first 
birthday, it is recommended for all infants at the age of 1 a dental visit consisting of 
examining teeth, providing anticipatory guidance, performing preventive procedures, 
and establishing dental home (AAPD, 2008b). So far the capacity of dental providers 
willing to see infants is fixed and consequently from a public health perspective it 
may be prudent not to recommend dental referral at 12 months for children at low 
caries risk. If services were implemented for all 1-year olds, children identified with 








B. Levels of Prevention 
 
i. Dentist’s Office and Community Centres 
 
Working in conjunction with the community gives clinicians access to skills and tools 
aiding in the prevention of ECC (Hamilton et al., 1999; Harrison, 2003). A dental 
health promotion program presented visually and made available in their offices and 
community centres can help lower the incidence of ECC in communities at high risk 
for caries (Bruerd et al., 1989). This type of dental health promotion program is 
directed towards expecting and new parents. The full range of needs is met when the 
clinician works together with other health professionals i.e. paediatricians as they are 
made aware of the importance of preventing ECC and being on the lookout for the 
disease during the child’s first visits (for instance, during vaccination appointments) 
(Kandelman and Quatik, 2006).  
 
ii. During Pregnancy and Before Conception  
 
The expectant mother should be monitored for dental problems during pregnancy and 
given the appropriate prevention recommendations before conception. An individual 
caries risk assessment is necessary as it is the first step in defining and optimizing 
preventive and therapeutic strategies. The evaluation of the risk for caries during 
pregnancy must take into consideration the following aspects (Kandelman and 
Quatik, 2006): 
a. The presence of carious lesions and the degree of caries activity. 
b. A quantitative and qualitative evaluation of dental plaque. 
c. Evaluation of the salivary pH, the saliva’s buffering effect, and salivary flow. 
d. An analysis of the mother’s diet. 
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e. Evaluation of the extent of resistance by looking at the morphological structure of 
the teeth, the presence of initial carious lesions, and past fluoride use. 
 
Altogether these tests will help confirm the clinician’s diagnosis, determine the 
existence of one or more predominant risk factors, and hence prepare a more targeted 
and effective preventive and therapeutic strategy (Kandelman, 1999). At this point, 
the clinician controls and eliminates the sources of bacterial infection, in view of the 
risk of vertical/horizontal transmission. Several preventive treatments are available 
for reducing the number of bacteria, specifically S. mutans, including the application 
of fluoride and/or chlorhexidine varnishes (Achong et al., 1999), sugar substitutes 
such as xylitol during pregnancy and after birth (Isokangas et al., 2000). While family 
members should take part in an oral hygiene education program if high caries risk is 
present, this should be accompanied by routine maintenance and reinforcement 
programs (Kandelman and Quatik, 2006). 
 
iii. After Birth 
 
The baby’s first dental visit should be during the first year of life, preferably during 
the first six months following the eruption of his/her first teeth, but no later than 
his/her first birthday (AAPD, 2004b; Kowash et al., 2000). During the first visit, the 
dentist will examine the baby’s mouth and give specific oral care advice for 
preventing ECC. It is important that parents are aware of the following points 
(Kandelman and Quatik, 2006): 
a. Verifying and reinforcing the information and advice given during pregnancy.  
b. Reinforcing that the child should not be given cariogenic substances in his/her 
bottle at bedtime. 




d. Cleaning the child’s teeth as soon as they begin to erupt. 
e. Encouraging the child to drink out of a cup around his/her first birthday, and then 
progressively limiting the use of the bottle between the ages of 12 and 16 months 
(Dore et al., 2006). 
f. Observing the baby’s early habits so that the caregiver can receive timely 




Tooth eruption is a physiological process occurring over a broad chronological age 
range. It interacts with the development of the craniofacial complex and consequently, 
both premature and delayed emergence could be a manifestation of local and/or 
systemic alterations. Studies following ante- and post-natal exposures have not 
completely addressed factors influencing the eruption of primary dentition and the 
development of dental caries and other oral conditions during early childhood. There 
are limited research studies describing the natural history of ECC in infants and 
toddlers, or exploring the interactions between its risk and protective factors, in order 
to gain knowledge about the pathways, prevalence, and preventive measures for this 
childhood disease (de Silva-Sanigorski et al.). Similarly, data on ECC oral health 
burden in infants and toddlers and relationship with systemic conditions is incomplete. 
While a high number of ECC prevention programs have aimed at mother/primary 
caregivers, few programs have been aimed at children below 3 years of age (Livny 




Partial evidence exists in the context of ECC development and pathways during early 
life. No major attempt has been made in Singapore to examine the oral-systemic links 
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of ECC, particularly from birth to infancy. Despite the 100% water fluoridation in 
Singapore, a caries incidence rate of approximately 40% was reported in a 
population-based study of 1,576 preschoolers aged 3-5 years.  
 
Several distinct areas have surfaced as constituents to the apparent gaps in knowledge 
including:  
1. The longitudinal identification of pre-, peri-, and post-natal factors 
influencing the eruption of the primary dentition and the susceptibility to 
developing dental caries during infancy/toddlerhood has not been 
performed in a homogeneously multiethnic environment. Findings on the 
interplay of this physiological process and its impact on ECC remain 
controversial. 
2. A variety of disturbances affecting/attributing to tooth eruption and their effects on 
infant health has been long debated. There is insufficient evidence on what 
triggers systemic disturbances during teething periods.Though numerous studies 
have been conducted on dental caries, few follow its development from birth till 
early childhood. No comprehensive CRA models have been developed with a 
combined sensitivity and specificity greater than 160% for infants and toddlers.  
 
The main aims and specific objectives of this study are:  
1. To identify the timing and determinants of primary teeth eruption. 
a. To identify the eruption timing of the first primary tooth in an Asian 
multiethnic environment. 
b. To investigate the influence of maternal/child health and other factors on the 
eruption timing of the child’s first tooth. 
2. To characterize the prevalence and determinants of teething problems. 
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a. To assess the prevalence rate of teething problems in Singaporean children 
born at KKH/NUH between 2009-2010. 
b. To explore potential maternal and child factors determining the manifestation 
of teething signs/symptoms in infants and toddlers. 
3. To identify significant ECC risk factors from pre-, peri-, and post-natal periods for 
future development and validation of infant caries risk assessment/prediction 
models. 
a. To determine the caries prevalence, severity, and disease pattern among 2-year-
old preschoolers in Singapore. 
b. To identify significant pre-, peri-, and post-natal factors that may determine a 





CHAPTER II: MATERIALS AND METHODS 
 
 
This longitudinal study (NMRC/CIRG/1341/2012) forms part of the GUSTO birth 
cohort (NMRC/TCR/004-NUS/2008), covering from 6- to 18-month time points with 
interviewer-administered questionnaire plus additional sample collection/oral 
examination when children reached 2 years of age. Prior to its commencement, the 
protocol and supporting documents were approved by the GUSTO’s Executive 
Committee prior to the incorporation of oral health measures at each time point. 
Ethical approval was obtained through GUSTO for the two clinical sites: National 
University Hospital (NUH) - NHG DSRB Ref: 2009/00021 (Appendix A1) and 
2012/00436 (Appendix A2) and KK Women’s and Children’s Hospital (KKH) - 
CIRB Ref: 2009/280/D (Appendix A3). 
 
2.1 Growing Up in Singapore Towards healthy Outcomes (GUSTO) 
 
Growing Up in Singapore Towards healthy Outcomes is Singapore’s largest and most 
comprehensive birth cohort study to date. Its primary objective is to evaluate the 
potential roles of fetal, developmental factors and epigenetic factors in the early 
pathways to metabolic compromise and altered body composition, particularly 
obesity and type 2 diabetes mellitus. Healthy pregnant women in their first trimester 
(Singapore citizens or permanent residents aged 18 years and above, who are Chinese, 
Malay or Indian with homogeneous parental ethnic background and who have the 
intention of residing in Singapore for the next five years) with the intention of 
delivering in NUH or KKH were recruited between June 2009 and September 2010 
for this study. Expectant mothers on chemotherapy, psychotropic drugs or with type 1 
diabetes mellitus were excluded. The participants would return to the hospital for 
follow-up visits at 19-21, 26-28 and 32-34 weeks of gestation. Informed written 
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consent was obtained from each participant. Detailed interviews were conducted 
where information including demographics, lifestyle, diet, personal health and family 
history of disease is gathered. Upon delivery, birth tissues were obtained and 
anthropometric measurements of the newborn were performed (Figure 2.1). During 
infancy, children were examined during home visits (3 weeks, 3 months and every 3 
months till 15 months of age) and at the clinic site (18 and 24 months of age) (Figures 
2.2 and 2.3).   
 






Figure 2.2. Timeline: Child Study Visits (First 15 Months of Life) 
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2.2 GUSTO Measures and Procedures 
 
2.2.1 Studies during Pregnancy 
 
Detailed interviews were conducted during the recruitment visit at less than 14 weeks 
of gestation (Appendix B1 and B2) and at 26-28 weeks of gestation (Appendix C1). 
For the latter time point, anthropometric measurements (weight, height, mid-upper 
arm circumference, triceps/biceps/subscapular/suprailiac skinfold) were obtained, 
pulse wave analysis was measured, and autorefraction and fundus photography were 
conducted (Appendix C2). Antenatal clinical and laboratory data were extracted from 
hospital case notes. Samples were collected during the antenatal visit for subsequent 
biochemical analysis (blood), toxicology screening/steroid levels (hair) and 
epigenetic analysis (buccal swabs).  
 
Maternal well-being and affective state were assessed during pregnancy and three 
months after delivery and re-assessed at 12-, 24- and 36-month visits through the 
utilization of a series of questionnaires including Strait-Trait Anxiety Inventory 
(STAI), Beck Depression Inventory II (BDI-II), Edinburgh Postnatal Depression 
Scale (EPDS), Pittsburgh Sleep Quality Index (PSQI) and Brief Infant Sleep 
Questionnaire (BISQ). Interviewer-administered questionnaires and prospective 3-
day diaries were administered to ascertain dietary changes from pre-pregnancy diet 
and to assess dietary intake and patterns during pregnancy. Intrauterine growth 
parameters were assessed by ultrasonography at 11-12, 19-21, 26-28 and 32-34 weeks 
of gestation. The flow of nutrient-rich placental blood through the ductus venous was 
measured using the Doppler ultrasound at 32-34 weeks of gestation. A total of 1,237 
pregnant women were recruited, with an ethnic distribution of approximately 56% 




2.2.2 Studies at Birth 
 
Umbilical cord, cord blood and placenta were obtained at delivery to enable the 
investigation of epigenetic processes. Labour/delivery and birth data including birth 
weight, gestational age and neonatal problems were extracted from hospital case 
notes (Appendix D). Within the first 24 hours after delivery, body composition and 
percentages of fat/fat-free mass were assessed through anthropometry and infant-
sized air displacement plethysmograph (known as PEA POD) respectively. Babies 
underwent a whole body MRI at day 7-10 to document body fat distribution and 
organ size. Maternal dietary patterns during the confinement period were documented 
three weeks after delivery (Appendix E). Facial imitation tests and 
electroencephalography were conducted to assess cognitive development, of which a 
subset of the cohort underwent extensive neurocognitive phenotyping at 6 and 18 
months of age. 
 
2.2.3 Studies during Infancy 
 
Not only breastfeeding patterns and infant formula feeding and were ascertained, but 
also children’s diet (including weaning) were assessed using food diaries and 
interviewer-administered questionnaires at 3 weeks of age as well as 3 (Appendix F1), 
6 (Appendix F2), 9 (Appendix F3), 12 (Appendix F4), 15 (Appendix F5), 18 
(Appendix F6), and 24 months of age (Appendix F8). The child’s general/oral health 
status, serial anthropometric measurements, BIA and developmental milestones 
(cognition, behavioural, language, and gross/fine motor skills) were obtained at each 
visit. Different samples were obtained at different time points including breast-milk, 





2.3 Oral Health Study 
 
GUSTO is divided into eight secondary domains (pregnancy, fertility, prematurity, 
cognition, nutrition, eye, allergy and oral health) working in a multi-disciplinary 
approach (Figure 2.4). The oral health domain joined GUSTO in May 2010 prior to 
the commencement of the six-month time point. All procedures included in this study 
were reviewed and approved by the GUSTO Executive Committee, SingHealth 
Centralised Institutional Review Board, and NHG Domain Specific Review Board 
prior to its implementation at each time point. The oral health study from 6- to 18-
month time point consists of two main sections: a simple oral examination and a short 
interviewer-administered questionnaire (Figure 2.5), which were incorporated in the 
main GUSTO infancy questionnaire. The 24-month time point consists of three 
sections, aside from the main GUSTO questionnaire: interviewer-administered 
questionnaire, sample collection, and oral examination. 
 





Figure 2.5. Workflow of the Month 24 Oral Health Study 
 
 
2.3.1 Eruption of the Primary Dentition 
 
The baby’s teeth were visually examined using natural light during the home visit or 
clinic session at each time point (6-9-12-15-18 months), in addition to the various 
GUSTO measures (i.e. anthropometric measurements) and procedures (i.e. buccal and 
nasal swabs). Figure 2.6 shows the FDI World Dental Federation notation chart for 
primary dentition used in the oral health questionnaire. A tooth’s eruption level was 
determined through a modified system used in permanent dentition (Pahkala et al., 
1991) and in primary dentition (Damodar et al., 1992) to classify the different stages 
of tooth emergence (Figure 2.7 shows stages 0 and 2): 
0 = The tooth is not visible in the oral cavity. 
1 = At least one cusp is visible in the oral cavity. 
2 = The entire occlusal surface / mesio-distal width of the tooth is visible. 






Figure 2.6. Teeth Present and Their Respective Eruption Level  
 
*Position of teeth: 55-51=upper right; 61-65=upper left; 75-71=lower left; 81-85=lower right. 
**1: central incisors; 2: lateral incisors; 3: canines; 4: first molars; 5: second molars. 
 
Figure 2.7. Clinical Signs of Tooth Eruption 
a.   b.   
 
The number of teeth present (partially or fully erupted) in the oral cavity and the 
presence/absence of teething problems (pain, fever, decreased food intake and 
decreased daily activity) at different ages (months) and their respective duration, as 
well as the date/age at which the baby’s first tooth erupted (Appendices F1-F7), were 
obtained during the home/clinic visits. The eruptive sequence of the primary dentition 
was captured at 9- (Appendix F3), 12- (Appendix F4), 15- (Appendix F5) and 18-








2.3.2 Training and Calibration of the GUSTO Home/Clinic Team 
 
Data collection measures were standardized to minimize observation variations. To 
ensure the validity of the questionnaire and observation, home visitors and clinic staff 
from the GUSTO team were periodically trained and calibrated, every 3-6 months, 
prior to the commencement of each time point. The training and calibration of 
examiners (12 part-/full-time home visitors and 12 clinic staff) involved using 
photographic slides with clinical examples (last session was conducted in September 
2012, with an Intraclass Coefficient of 0.924) and on-site sessions (with GUSTO 18-
month old babies). 
 
Figure 2.8. GUSTO Home Visit Team/Clinic Staff 
 
 
2.3.3 Early Childhood Caries 
 
Various components of a caries risk assessment were conducted during the 24-month 
clinic session at NUH and KKH. The examiner (PhD candidate with DDS degree and 
registered with the Singapore Dental Council) was trained and calibrated by a gold 







2.3.3.1 Questionnaire Survey 
 
Mothers underwent a questionnaire survey (Appendix H1) consisting of 16 questions 
shortly after informed written consent (Appendices G1 and G2) is obtained. Details 
were provided on (1) protocol title; (2) principal investigator and contact details; 
(3) purpose of this study; (2) procedures involved in this study; (3) 
responsibilities, risks and benefits of participation; (4) confidentiality and 
autonomy of the participants; (5) contact numbers of NHG DSRB/SingHealth and 
researchers. 
 
Figure 2.9. Set-Up at KKH Private Children’s Clinic 
  
 





2.3.3.2 Sample Collection 
 
Prior to the oral examination (Figure 2.5), plaque/biofilm specimens were collected, 
using individually-packed sterile toothpicks, from one randomly-selected maxillary 
central incisor and from the tongue dorsum (within a period of one minute).  
1. A supragingival dental plaque sample was collected from the labial, lingual and 
interproximal surfaces of a randomly selected maxillary central incisor (Zaura et 
al., 2009).  
2. The tongue biofilm sample was obtained by scraping over the tongue dorsum 
(Milgrom et al., 2000).  
 
Samples from each child were dispersed in 0.10 ml of sterile distilled water and 
stored in -20°C for subsequent oral microbiome analysis. A specimen processing log 
is kept for its collection, storage, and analysis. 
 
2.3.3.3 Oral Examination 
 
Teeth were evaluated using plane surface mouth mirrors (visual inspection) and blunt 
WHO probes (tactile inspection). The knee-to-knee position was used to examine the 
children within a period of five minutes (Figure 2.11). Prior to the drying/cleaning the 
tooth surfaces for dental examination, the oral hygiene status was determined using 
the modified Silness-Löe Plaque Index (Silness and Loe, 1964). Six index primary 
teeth (55, 52, 64, 75, 72, and 84) were evaluated based on a four-point scale (Table 
2.1). When a designated tooth was not erupted, an alternative tooth in the same 






Table 2.1. Scoring Criteria for Silness-Löe Plaque Index 
Score Criteria 
0 No plaque. 
1 A film of plaque adhering to the free gingival margin and adjacent area of the tooth. The 
plaque may be seen in situ by using the probe on the tooth surface. 
2 Moderate accumulation of soft deposits, which can be seen with the naked eyes, within the 
gingival pocket, or the tooth and gingival margin. 
3 Abundant soft matters within the gingival pocket and/or on the tooth and gingival margin. 
 
The method used in the majority of epidemiological caries screenings was based on 
the DMFT (decayed, missing, or filled teeth) index, which was established as early as 
in 1938 (Klein and Palmer, 1938). With this index, the caries status is typically 
determined according to the level of cavitation. Current WHO basic methods criteria 
(WHO, 1997) score a caries lesion in a pit or fissure only, when ‘‘a manifest cavity, 
undermined enamel, or a detectably softened floor or wall is detectable; the CPI 
probe should be used to confirm visual evidence of caries’’. The changing disease 
patterns due to water fluoridation and a relatively high number of non-cavitated caries 
lesions have led to the development of the International Caries Detection and 
Assessment System (ICDAS) (Ismail et al., 2007; Pitts, 2004). Hence, in this study, 
both modified ICDAS and WHO scoring criteria were taken into consideration for 
statistical analysis. Three dentists, including the PhD student, were trained and 
calibrated by a gold standard examiner (Intraclass Correlation Coefficient scores from 
the four sessions are shown in Table 2.3). In this study, due to the constraints of field 
settings and availability, the drying of tooth surfaces was done using gauze instead of 
compressed air.  
 
Table 2.2. Modified ICDAS Codes and Criteria  
Code Criterion 
0 Sound tooth surface: no evidence of caries. 
1 First visual change in enamel: opacity or discoloration (white or brown) is visible at 
the entrance to the pit or fissure seen after drying. 
2 Distinct visual change in enamel visible when wet; lesion must be visible when dry. 
3 Localized enamel breakdown (without clinical visual signs of dentinal involvement) 
seen when wet and after drying. 
4 Underlying dark shadow from dentine. 
5 Distinct cavity with visible dentine. 
6 Extensive (more than half the surface) distinct cavity with visible dentine. 
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Additionally, oral lesions will be recorded, if observed, in the diagrams (coded 
according to location of the lesion) provided in the examination sheet (Appendix H2). 
 
Table 2.3 Examiner Reliability for Oral Examinations at NUH and KKH 
Sessions #1 and #2 Examiner 1° Examiner 2 Examiner 3 
Gold Standard 1 / 0.99 0.96 / 0.87 0.73 / 0.99 
Examiner 1° 0.93 0.83 1 
Examiner 2 0.96 0.96 0.83 
Examiner 3 0.73 0.60 0.85 
Sessions #3 and #4 Examiner 1° Examiner 2 Examiner 3 
Gold Standard 0.54 / 0.87 0.44 / 0.66 0.27 / 0.84 
Examiner 1° 0.83 0.93 0.81 
Examiner 2 0.83 0.90 0.82 
Examiner 3 0.94 0.73 0.68 
°PhD student 
 
Figure 2.11. Oral Examination in 24-Month-Old Children 
 
 
2.4 Data Management 
 
A unique study subject identity (SSID) was assigned by the operations team to each 
study participant to protect the participant’s identity and was used in lieu of the 
participant’s name during data collection and data management. The latter involved 
the process of tracking, quality control, entry, cleaning, integrity and acquisition 
(extraction) of data by the data management team.  
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Figure 2.12. Workflow for Data Collection and Entry 
 
 
During the clinic visit phase, less paper data was generated due to electronic data 
capture. Most paper data were generated from case report forms and self-administered 
questionnaires. The data entry into the LORIS database involved data collected on 
paper such as interviewer‐administered questionnaires, case report forms, 
self‐administered questionnaires and booklets (health and food diaries). 
 
The GUSTO Longitudinal Online Research and Imaging System (LORIS) study 
database is a web-based modular research information system. LORIS is a multi-
tiered application with three distinct stages of data flow (Das et al., 2011):  
1. Acquisition stage for data entry/transfer. 
2. Archiving stage for quality control and visualization. 
















Figure 2.14. List of Time Points for all Visits 
 
 
Data requisition from the different scientific domains went through the process of 
form submission (Appendix I) and approval by the GUSTO Executive Committee 
prior to obtaining the dataset(s). 
 
2.5 Data Analysis 
 
The IBM SPSS Statistics (version 16.0 and 20.0) software was used for data analysis. 
Descriptive statistics were performed for the variables of interest from both main and 
oral health study. Table 2.4 shows the different variables from the main GUSTO and 









Table 2.4. Potential Determinants for Oral Health Outcomes 
Demographic & Socioeconomic Data 1. Ethnicity 
2. Child’s gender 
3. Mother’s education level 
4. Household income 
Prenatal Data 1. Maternal health  
2. Medications  
3. Supplements 
4. Maternal diet  
5. Alcohol consumption  
6. Tobacco exposure 
7. Maternal BMI 
Perinatal Data 1. Pregnancy complications   
2. Antibiotics and analgesia/sedation during labour 
3. Labour  
4. Mode of delivery  
5. Gestational age  
6. Birth weight 
7. Birth length 
8. Birth circumference 
9. Neonatal complications 
Postnatal Data 1. Maternal diet during confinement 
2. Medications during confinement (mother) 
3. Supplement intake during confinement (mother) 
4. Breastfeeding  patterns 
5. Child’s health 
6. Medications during early childhood  
7. Supplements during early childhood  
8. Child’s growth parameters 
24-month Oral Health Data 1. Number of times mother brushes teeth  
2. Fluoride tablets taken during pregnancy/lactation  
3. Dental check-ups on a yearly basis (mother)  
4. Number of check-ups per year (mother)  
5. Reason for no dental check-ups (mother)  
6. Age of first dental check-up for child  
7. Importance of baby teeth  
8. Reason for tooth decay  
9. Finger-sucking habit  
10. Duration of pacifier use  
11. Sharing feeding/drinking utensils  
12. Frequency of sweet snacks/drinks (day)  
13. Frequency of sweet snacks/drinks (before sleep)  
14. Statement “caregiver’s ability to withhold sugar 
snacks from child”  
15. Number of times child brushes teeth  
16. Statement “caregiver’s efficacy in  brushing child’s 
teeth”  
17. Fluoride-containing toothpaste  
18. Eruption age of first tooth 
19. Number of teeth erupted by 24 months  
20. Plaque Index 
 
2.5.1 Descriptive Analysis 
 
The descriptive analysis was conducted for both main and oral health study sample, 




2.5.2 Inferential Analysis 
 
Three major outcomes were measured in this study: eruption timing of the first tooth, 
teething problems within the first 18 months of life, and early childhood caries at 24 
months of age. For each outcome, the following dependent variables were generated:  
1. Eruption timing of the first tooth (ETFT – continuous variable) was generated 
using the reported “age at which the first tooth erupted” or calculated from the 
reported “date at which the first tooth erupted” minus the child’s date of birth. 
2. Teething problems (TPs – count variables) were generated using the cumulative 
effect ranging from zero to five time points the primary caregivers had reported 
teething problems in their children. 
3. Early childhood caries (ECC – count variables) were generated using the 
following:  
a. For each tooth surface, codes 0-2 and 96-99 were recoded as “0” for absence 
of caries and 3-6 were recoded as “1” for presence of caries. For each child, 
the total number of cavitated surfaces (WHO dmfs) ranged from 0 to 100. 
b. For each tooth surface, codes 0 and 96-99 were recoded as “0” for absence of 
caries and 1-6 were recoded as “1” for presence of caries. For each child, the 
total number of surfaces affected by caries (ICDAS dmfs) ranged from 0 to 
100.  
c. For each tooth, the total number of surfaces affected was recoded as “0” for 
absence of caries and “1” for presence of caries when there was at least one 
surface affected per tooth. For each child, the total number of teeth affected 
by caries ranged from 0 to 20. 
 
Individual time points and repeated measurements over time were taken into 
consideration for the univariate analysis prior to the construction of the final models 
using linear regression for ETFT and Poisson regression for TPs and ECC. They were 
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constructed based on the different variables available for each stage, as shown in 
Table 2.6. Independent variables related to child’s health and habits (postnatal period) 
represented the cumulative effects prior to the eruption of the first tooth (for ETFT), 
within the first 18 months of life (for TPs) and within the first 2 years of life (for 
ECC). Three main models were constructed for each outcome of interest using 
variables from pre-, peri- and post-natal periods. The inclusion of prenatal variables in 
the perinatal model and pre-/peri-natal variables in the postnatal model served as 
baseline variables in order to observe the time-pertinent determinants affecting the 
different oral health outcomes. 
 
Models pertinent to each outcome variable contained different working sample sizes 
due to missing data of one or more independent variables (i.e. missed visit) for each 
child at different time points. A limited sample size was used for the construction of 
dental caries models as oral examinations were conducted in a subset of GUSTO’s 
study population. For these models, independent variables were specifically selected 
in order of priority (through review of available literature) and significance after 
performing bivariate analysis, as shown in Table 2.7. All significant factors and 
general confounders were included in all models. An alpha level of 0.05 was chosen 
to determine the statistical significance of the results.  
 
Table 2.5.  Visits Completed at Each Time Point (Infancy/Toddlerhood) 
Week 3 Month 3 Month 6 Month 9 Month 12 Month 15 Month 18 Month 24 





Table 2.6. Modelling for Eruption Timing of the First Tooth and Teething Problems 
Model   Independent Variable Code/Description 
For all models Demographic & Socioeconomic Data 
Race 




(1) Chinese (2) Malay (3) Indian 
(1) None/primary (2) Secondary (3) Tertiary 
(1) $0-$999 (2) $1,000-$1,999 (3) $2,000-$3,999 (4) $4,000-$5,999 (5) >$6,000 
(1) Male (2) Female 
Prenatal Maternal illness 
Medications before pregnancy 
Supplements before pregnancy  
Maternal diet during pregnancy*  
Alcohol consumption during pregnancy  
Smoking/second-hand smoke during pregnancy  
Medications during pregnancy 
Supplements during pregnancy 
Maternal BMI 
(0) None (1) Cardiovascular (2) Endocrine (3) Autoimmune (4) Others 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
Continuous variable (kg/m2) 
Perinatal++ Antibiotics during labour 
Analgesia/sedation during labour 
Mode of delivery 
Labour 
Complications during pregnancy (bleeding; admissions; medications)  
Gestational age  
Birth weight 
Birth length 
Birth head circumference 
Neonatal complications 
(0) No (1) Yes 
(0) None (1) Pharmacological (2) Inhaled (3) Combined 
(1) Normal (2) Lower segment Caesarean section (3) Assisted 
(1) Spontaneous (2) Induced (3) Caesarean section 
(0) No (1) Yes 
(1) <37 weeks (2) >37 weeks 
(1) <2,500 grams (2) >2,500 grams 
(1) <49 centimetres (2) >49 centimetres 
(1) <34 centimetres (2) >34 centimetres 
(1) None (2) Jaundice (3) Resuscitation (4) Others 
Postnatal+++ Maternal diet during confinement* 
Medications during confinement (mother) 
Supplements during confinement (mother) 
Breastfeeding duration 
Child’s health (allergies and infections) 
Medications during early childhood (general use, nebulizer and antibiotics)  
Supplements during early childhood 
Child’s growth rate during the first six months of life 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
Continuous variable (months) 
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points) 
Continuous variable (grams) = (weight at 6 months – weight at birth)/weight at birth*100 
++With inclusion of prenatal variables. +++With inclusion of pre- and peri-natal variables. *Dietary variables are shown in Table 2.8.
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Table 2.7. Modelling for Early Childhood Caries and Oral/General Health  
Model Independent Variables1 Code/Description 
For all models 
Demographic & Socioeconomic Data 
Race 
Mother’s education level 




(1) Chinese (2) Malay (3) Indian 
(1) None/primary (2) Secondary (3) Tertiary 
(1) None/primary (2) Secondary (3) Tertiary 
(1) $0-$999 (2) $1,000-$1,999 (3) $2,000-$3,999 (4) $4,000-$5,999 (5) >$6,000 
(1) Male (2) Female 
Prenatal 
Maternal illness  
Second-hand smoke during pregnancy  
Medications during pregnancy  
Supplements during pregnancy 
Maternal diet during pregnancy*  
Maternal BMI 
Alcohol consumption during pregnancy  
Smoking during pregnancy  
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
(0) No (1) Yes 
Continuous variable (kg/m2)  
(0) No (1) Yes 
(0) No (1) Yes 
Perinatal++ 
Bleeding during pregnancy 
Antibiotics during labour  
Gestational age  
Birth weight** 
Analgesia/sedation during labour  
Labour 
Mode of delivery  
Birth length  
Head circumference 
Neonatal complications 
(0) No (1) Yes 
(0) No (1) Yes 
(1) <37 weeks (2) >37 weeks 
(1) <2,500 grams (2) >2,500 grams 
(0) No (1) Yes 
(1) Spontaneous (2) Induced (3) Caesarean section 
(1) Normal (2) Lower segment Caesarean section (3) Assisted 
(1) <49 centimetres (2) >49 centimetres 
(1) <34 centimetres (2) >34 centimetres 
(0) No (1) Yes 
Postnatal+++ 
Child’s health – allergy up to M24 
Child’s health – infections up to M24 
Medications up to M24 
Breastfeeding duration  
Child’s growth rate during the first six months of life 
Child’s anthropometric measurements at M24: weight and height  
Dental visits up till 24-month visit  
Weaning onto solids  
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points) 
Continuous variable (months) 
Continuous variable (grams) 
Continuous variable (kg/cm) 
Cumulative effect (reported number of time points) 






Oral medications  
Nebulizer/inhaler  
Supplements up to M24 
(0) No (1) Yes 
(0) No (1) Yes 
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points) 
Cumulative effect (reported number of time points)  
Cumulative effect (reported number of time points) 
Oral Health2 
Number of times child brushes teeth 
Plaque Index  
Frequency of sweet snacks/drinks (day)  
Frequency of sweet snacks/drinks (before sleep)  
Importance of baby teeth  
Fluoride-containing toothpaste 
Statement “caregiver’s ability to withhold sugar snacks from child” 
Statement “caregiver’s efficacy in brushing child’s teeth”  
Reason for tooth decay 
Sharing feeding/drinking utensils 
Number of teeth erupted by 24 months  
Eruption age of first tooth 
Age of first dental check-up for child  
Finger-sucking habit  
Duration of pacifier use  
Number of times mother brushes teeth 
Reason for no dental check-ups (mother) 
Dental check-ups on a yearly basis (mother)  
Number of check-ups per year (mother) 
Fluoride tablets taken during pregnancy/lactation 
(0) Never (1) Once (2) >2 times 
Ordinal variable (score 0-3) 
(0) Never (1) Once (2) >2 times 
(0) Never (1) Occasionally (2) Frequently/almost every night 
(0) No (1) Yes 
(0) No (1) Yes 
(1) Disagree/strongly disagree (2) Neutral (3) Agree/strongly agree 
(1) Disagree/strongly disagree (2) Neutral (3) Agree/strongly agree 
(1) Beliefs (2) Ineffective tooth brushing (3) Sugar or bacteria (4) Sugar and bacteria 
(0) Never (1) Seldom/Occasionally (2) Frequently 
Count variable (0-20) 
Continuous variable (months) 
Continuous variable (years) 
(0) Never (1) Seldom/Occasionally (2) Frequently 
Continuous variable (months) 
(1) None/once per day (2) Twice per day 
(1) Accessibility (2) Dental-related 
(0) No (1) Yes 
Continuous variable 
(0) No (1) Yes 
++With inclusion of prenatal variables.     +++With inclusion of pre- and peri-natal variables.     2Variables are listed from most to least priority and/or statistical significance.     *Dietary variables are shown in Table 2.8.      
 
Table 2.8. Consumption of Different Types of Food and Drinks during Pregnancy and Confinement Period 








Cheese and yogurt 







*Dietary variables included in early childhood caries and oral/general health models. 
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CHAPTER III: RESULTS 
 
 
The study sample was fairly representative of the two major maternity units (NUH 
and KKH) in Singapore. A total of 1,237 mothers were initially included in the data 
analysis, consisting of 55.8% Chinese, 26.2% Malays and 18.0% Indians. The mean 
(SD) age was 30.6 (+5.2) with an age range of 18-46 years. Different models were 
constructed for the three major outcome variables (Table 3.1): 
a. Eruption timing of the first tooth (ETFT). 
b. Teething problems (TPs) – overall and specific signs/symptoms (pain, fever, 
decreased food intake and decreased daily activity). 
c. Early childhood caries (ECC), using ICDAS scoring criteria: 
 Number of teeth affected (dmft). 
 Number of surfaces affected (dmfs). 
 Number of surfaces cavitated (dmfs), based on WHO scoring criteria. 
 
Note that dmft, dmfs (ICDAS) and dmfs (WHO) were based only on the component 
of “decayed” teeth/surfaces. Consistent general confounders were used throughout all 
models. Dietary patterns during pregnancy were compared to those before pregnancy 
and those during confinement period (after childbirth, the mother’s health is nurtured 
back to its prenatal state for approximately one month) were compared to mothers’ 
usual diet. 
 
Table 3.1. Construction of Models for Oral Health in Infants and Toddlers 
Independent Variables 
Prenatal Perinatal Postnatal M24 
OH*  
M24 OH + 
GUSTO** Outcome Variables 
ETFT      
TPs      
ECC      
*Variables were selected from the oral health questionnaire administered during the 24-month clinic visit. 
**Pre-, peri-, and post-natal variables were selected from the main GUSTO questionnaires used in the models. 
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3.1 Eruption Timing of the First Tooth 
 
The eruption timing of the child’s first tooth (in months, using age and/or date of 
eruption) was collected at 3-month intervals, starting at six-month time point up to 18 
months of age. Three different models were constructed (pre-, peri- and post-natal 
periods) after running descriptive and bivariate analyses. 
 
3.1.1 Demographic and Socio-Economic Profile of Sample Population 
 
The demographic and socioeconomic background was taken into consideration when 
constructing each model. Among the children recruited (52% boys and 48% girls), 56% 
were Chinese, 61% of their mothers had a tertiary education and 30% of them were 
from families with household income above $6,000. The mean eruption time of the 
first tooth was 8.5+2.6 months (median=8 months; ranging from 0 to 21 months of 
age) across the three predominant ethnic groups in Singapore. Chinese babies were 
observed to have earlier tooth eruption (7.87 months) when compared to Malays 
(9.21 months, p<0.001) and Indians (9.57 months, p<0.001). Children whose mothers 
had only secondary education had delayed ETFT (8.76 months) when compared to 
those whose mothers had tertiary education (8.28 months, p=0.005). Children from 
families with household income between $1,000 and $5,999 had later ETFT (ranging 
from 8.47-9.2 months) when compared to those from families with household income 
of above $6,000 (7.9 months, p<0.05). No significant gender difference was found.  
 
3.1.2 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.2. While all independent variables mentioned in Tables 2.5 and 
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2.7 were included in the respective models, only the statistically significant factors 
are listed in the tables. 
 







P-value B (95% CI) 
Ethnicity      
 Malay 199 8.38 <0.001 1.31 (0.83-1.79) 
 Indian 131 8.68 <0.001 1.61 (1.09-2.13) 
 Chinese* 456 7.07   
#General confounders (ethnicity, child’s gender, mother’s education level and household income) were used 
consistently across all models for all outcome variables.   
*Reference group. 
 
Malay and Indian children were observed to have later tooth eruption, by at least one 
month, when compared to Chinese children (p<0.001 for both groups). No other 
variables were found to be significant at this stage.  
 
3.1.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.3). 
 
Table 3.3. Pre- and Peri-natal Factors Affecting the Eruption Timing of the First 
Tooth 





P-value B (95% CI) 
Ethnicity      
 Malay 193 8.73 <0.001 1.28 (0.81-1.76) 
 Indian 129 8.98 <0.001 1.53 (1.02-2.04) 
 Chinese* 450 7.45   
Maternal Illness      
 Cardiovascular 9 9.35 0.045 1.57 (0.03-3.11) 
 Endocrine 10 8.88 0.140 1.10 (-0.36-2.56) 
 Autoimmune 278 7.89 0.527 0.11 (-0.24-0.47) 
 Others° 28 8.00 0.639 0.23 (-0.72-1.17) 
 None* 447 7.78   
Vegetable Intake 
during Pregnancy 
     
 Yes 759 7.59 0.023 -1.59 (-2.96- -0.02) 
 No* 13 9.18   




 Yes 237 8.20 0.048 -0.36 (-0.72- -0.003) 
 No* 535 8.56   
Sedation during 
Labour 
     
 Pharmacological 311 8.49 0.057 0.48 (-0.02-0.98) 
 Inhaled 164 8.37 0.214 0.37 (-0.21-0.94) 
 Combined 158 8.65 0.030 0.64 (0.06-1.23) 
 None* 139 8.01   
Birth Weight      
 <2,500g 54 8.92 0.003 1.08 (0.36-1.80) 
 >2,500g* 718 7.84   
Birth Length      
 <49cm 483 8.71 0.001 0.66 (0.28-1.04) 
 >49cm* 289 8.05   
*Reference group. 
°Illnesses that do not fall under the major categories. 
 
Factors leading to an earlier eruption of the first primary tooth included mothers who 
consumed vegetables during pregnancy (p=0.023) and those who were administered 
antibiotics during labour (p=0.048). Children had later ETFT (in comparison to their 
counterparts) when they were Malay or Indian (p<0.001), born with lower 
weight/length (p=0.003 and 0.001, respectively), and when their mothers had a 
cardiovascular disease (p=0.045) or received sedation during labour (p=0.030). 
 
3.1.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.4).  
 
Table 3.4. Pre-, Peri- and Post-natal Factors Affecting the Eruption Timing of 







P-value B (95% CI) 
Maternal Illness      
 Cardiovascular 5 13.37 0.023 2.82 (0.39-5.25) 
 Endocrine 7 10.75 0.834 0.20 (-1.63-2.02) 
 Autoimmune 139 10.46 0.700 -0.10 (-0.61-0.41) 
 Others° 10 10.00 0.475 -0.55 (-2.07-0.97) 
 None* 197 10.55   
Milk Intake during 
Pregnancy 
     
 Yes 332 10.34 0.007 -1.38 (-2.40- -0.37) 
 No* 26 11.72   
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Birth Length      
 <49cm 231 11.45 0.006 0.84 (0.24-1.43) 
 >49cm* 127 10.61   
Birth Head 
Circumference 
     
 <34cm 208 11.36 0.026 0.67 (0.08-1.26) 
 >34cm* 150 10.69   
Breastfeeding 
Duration till ETFT 
 358  0.003 -1.02 (-1.69- -0.34) 
Infections Prior to 
ETFT (Child) 
     
 Yes 120 11.51 <0.001 0.97 (0.42-1.51) 
 No* 238 10.54   
Supplements Prior 
to ETFT (Child) 
     
 Yes 64 11.58 0.001 1.09 (0.42-1.77) 
 No* 294 10.48   
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
 
Milk intake during pregnancy (p=0.007) and breastfeeding duration (p=0.003) were 
observed to have a precipitating effect on the eruption timing of the first tooth. 
Children with lower birth length (p=0.006) and head circumference (p=0.026) were 
observed to have later ETFT, as well as those who had at least one infection (ear 
infection, vomit or diarrhoea) (p<0.001) or had supplements before the first tooth 
erupted (using cumulative effect) (p=0.001), and when their mothers had a 
cardiovascular disease (p=0.023). 
 
3.2 Teething Problems 
 
Information regarding the presence or absence of teething problems was collected at 
3-month intervals starting at six months of age (Figure 3.1). Three different models 








Figure 3.1. Time Points for Data Collection of Teething Problems 
 
 
3.2.1 Overview of Teething Problems  
 
The proportion of children and the number of time points at which they had teething 
problems (cumulative effect) were taken into consideration.  
 
3.2.1.1 Demographic and Socio-Economic Profile of Sample  
Population 
 
The mean number of time points of which children had teething problems was 
1.5+1.3.  Nearly 30% of the children did not have teething problems, followed by 
24.6% who suffered from teething problems at least once prior to 18 months of age. 
Chinese and Malay babies were observed to have more teething problems when 
compared to Indians (p<0.001 and p=0.028, respectively). No significant differences 
were found when comparing education level, household income, and child’s gender. 
 
3.2.1.2 Prenatal Model 
 
Information collected during the various clinic sessions throughout pregnancy 








shown in Table 3.5. While all independent variables mentioned in Tables 2.5 and 
2.7 were included in the respective models, only the statistically significant factors 
are listed in the tables.   
 
Table 3.5. Prenatal Risk Determinants for Teething Problems 
Factors/Indicators  
Total 
N=803 P-value RR (95% CI) 
Ethnicity     
 Malay 208 0.003 0.78 (0.66-0.92) 
 Indian 135 <0.001 0.71 (0.58-0.85) 
 Chinese* 460   
Mother’s Education Level     
 None/Primary  32 0.030 0.68 (0.48-0.96) 
 Tertiary  491 0.766 1.02 (0.88-1.19) 
 Secondary * 280   
Household Income     
 $0-$999 19 0.268 1.22 (0.86-1.75) 
 $1000-$1999 90 0.996 1.00 (0.82-1.23) 
 Above $6000 202 0.629 0.96 (0.82-1.13) 
 $4000-$5999 258 0.041 0.83 (0.70-0.99) 
 $2000-$3999* 234   
     
Maternal Long-Term Illness     
 Cardiovascular 10 0.419 0.79 (0.45-1.40) 
 Endocrine 11 0.043 0.50 ( 0.26-0.98) 
 Autoimmune 288 0.029 1.15 (1.01-1.30) 
 Others° 28 0.644 1.08 (0.78-1.51) 
 None* 466   
Consumption of Chocolate 
Drinks during Pregnancy 
    
 Yes 655 0.039 1.20 (1.01-1.42) 
 No* 148   
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
Malay and Indian babies were reported to have less teething problems (p<0.05). 
Children had less teething problems when mothers had a lower educational level 
(p=0.030) or an endocrine disease (p=0.043), and when their families had a household 
income between $4,000 and $5,999 (p=0.041). Mothers who had an autoimmune 
disease or consumed chocolate drinks during their pregnancy reported more teething 






3.2.1.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.6). 
 
Table 3.6. Pre- and Peri-natal Risk Determinants for Teething Problems  
Factors/Indicators  Total 
N=789 
P-value RR (95% CI) 
Ethnicity     
 Malay  202 0.003 0.77 (0.65-0.92) 
 Indian  133 <0.001 0.70 (0.58-0.85) 
 Chinese* 454   
Maternal Long-Term 
Illness 
    
 Cardiovascular 10 0.477 0.81 (0.46-1.44) 
 Endocrine 10 0.095 0.56 (0.29-1.12) 
 Autoimmune 283 0.033 1.15 (1.01-1.30) 
 Others° 28 0.820 1.04 (0.74-1.46) 
 None* 458   
Medications before 
Pregnancy 
    
 Yes 48 0.048 1.30 (1.00-1.68) 
 No* 741   
Consumption of Chocolate 
Drinks during Pregnancy 
    
 Yes 645 0.039 1.21 (1.01-1.44) 
 No* 144   
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
Malay and Indian babies were reported to have less teething problems in comparison 
to Chinese children (p<0.05). Mothers who took medications before their pregnancy 
(p=0.048), had an autoimmune disease (p=0.033), or consumed chocolate drinks 
during their pregnancy (p=0.039) reported more teething problems in their children. 
 
3.2.1.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 





Table 3.7. Pre-, Peri- and Post-natal Risk Determinants for Teething Problems  
*Reference group. 
 
Indian children were observed to be at less risk of having teething problems when 
compared to their Chinese counterparts (p=0.029). Contrastingly, children were 
reported to have more teething problems when their mothers had a higher prenatal 
BMI (p=0.039) or consumed tea during their pregnancy (p=0.041). 
 
3.2.2 Specific Teething Problems  – I. Pain 
 
The proportion of children and the number of time points at which they had teething 
pain (cumulative effect) were taken into consideration.  
 
3.2.2.1 Demographic and Socio-Economic Profile of Sample   
Population  
 
The mean number of time points of which children had teething pain was 0.6+0.9.  
Sixty-four percent of the children did not have teething pain, followed by 21.2% who 
suffered from this symptom at least once prior to 18 months of age. Chinese and 
Malay babies were observed to have more frequent teething pain when compared to 
Indians (p=0.004 and p=0.026, respectively). No significant differences were found 
when comparing education level, household income, and child’s gender. 
 
 
Factors/Indicators  Total 
N=357 
P-value RR (95% CI) 
Ethnicity     
 Malay  97 0.370 0.73 (0.37-1.45) 
 Indian  68 0.029 0.52 (0.29-0.94) 
 Chinese* 192   
BMI at 26 Weeks of Gestation   0.039 1.03 (1.00-1.05) 
Tea Intake during Pregnancy     
 Yes 243 0.041 1.31 (1.01-1.71) 
 No* 114   
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3.2.2.2 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.8. 
 
Table 3.8. Prenatal Risk Determinants for Teething Pain  
Factors/Indicators  Total 
N=803 
P-value RR (95% CI) 
Ethnicity     
 Malay 208 0.011 0.71 (0.55-0.92) 
 Indian 135 0.008 0.65 (0.47-0.89) 
 Chinese* 460   
Maternal Long-Term Illness     
 Cardiovascular 10 0.324 0.63 (0.25-1.59) 
 Endocrine 11 0.092 0.37 (0.12-1.18) 
 Autoimmune 288 0.041 1.23 (1.01-1.50) 
 Others° 28 0.697 0.90 (0.52-1.56) 
 None* 466   
Medications before 
Pregnancy 
    
 Yes 50 0.007 1.67 (1.15-2.43) 
 No* 753   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 285 0.006 1.35 (1.09-1.66) 
 No* 518   
BMI at 26 Weeks of 
Gestation 
  0.001 1.04 (1.02-1.06) 
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
Malay and Indian babies were reported to have less teething pain (p<0.05). They were 
more susceptible when their mothers had an autoimmune disease (p=0.041), had 
taken medications before their pregnancy (p=0.007), had a higher prenatal BMI 
(p=0.001), or were exposed to tobacco smoke during their pregnancy (p=0.006).  
 
3.2.2.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.9). 
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P-value RR (95% CI) 
Ethnicity     
 Malay 202 0.005 0.68 (0.52-0.89) 
 Indian 133 0.004 0.61 (0.44-0.85) 
 Chinese* 454   
Household Income     
 $0-$999 19 0.360 0.74 (0.38-1.42) 
 $1000-$1999 88 0.430 0.87 (0.62-1.23) 
 $4000-$5999  199 0.183 0.83 (0.63-1.09) 
 Above $6000 254 0.024 0.71 (0.53-0.96) 
 $2000-$3999* 229   
Second-Hand Tobacco Exposure 
during Pregnancy 
    
 Yes 281 0.009 1.33 (1.07-1.65) 
 No* 508   
Medications before Pregnancy     
 Yes 48 0.006 1.71 (1.17-2.50) 
 No* 741   
BMI at 26 Weeks of Gestation   0.004 1.04 (1.01-1.06) 
Maternal Diet (Pregnancy)     
Meat Intake     
 Yes 701 0.049 1.54 (1.00-2.38) 
 No* 88   
Consumption of Chocolate 
Drinks 
    
 Yes 645 0.034 1.39 (1.02-1.89) 
 No* 144   
Pregnancy Complications 
(Hospital Admissions)  
    
 Yes 166 0.003 1.40 (1.12-1.75) 
 No* 623   
Birth Weight     
 <2,500g 56 0.026 0.60 (0.38-0.94) 
 >2,500g* 733   
Neonatal Complications     
 Jaundice 60 0.384 0.84 (0.57-1.24) 
 Resuscitation 154 0.659 0.94 (0.73-1.22) 
 Others° 39 0.041 1.51 (1.02-2.23) 
 None* 536   
*Reference group. 
°Complications that do not fall under the major categories.  
 
Malay and Indian ethnicities, as well as families with a household income above 
$6,000 contributed to a decreased probability of having teething pain within the first 
18 months of life (p<0.05). Children who were born with lower weight were observed 
to have less teething pain (p=0.0.26) in contrast those who had a neonatal 
complication (i.e. secondary to transient tachypnoea, meconium aspiration, congenital 
pneumonia, hypoglycaemia, feeding-related disorders, perinatal stress, congenital 
malformation, GBS-related; p=0.041). Children were more at risk of having teething 
pain their mothers had taken medications before their pregnancy, had a higher 
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prenatal BMI, consumed meat or chocolate drinks during their pregnancy, or were 
admitted due to a pregnancy complication (i.e. preterm labour, antepartum 
haemorrhage, hypertension, diabetes, premature rupture of membrane).  
 
3.2.2.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.10).  
 
Table 3.10. Pre-, Peri- and Post-natal Risk Determinants for Teething Pain  
Factors/Indicators  
Total 
N=357 P-value RR (95% CI) 
Ethnicity     
 Malay  97 0.210 0.44 (0.13-1.58) 
 Indian 68 0.040 0.31 (0.10-0.95) 
 Chinese* 192   
Household Income     
 $0-$999 8 0.630 0.71 (0.17-2.91) 
 $1000-$1999 43 0.566 0.84 (0.45-1.54) 
 $4000-$5999 91 0.023 0.55 (0.33-0.92) 
 Above $6000 119 0.028 0.53 (0.31-0.93) 
 $2000-$3999* 96   
Second-Hand Tobacco Exposure 
during Pregnancy 
    
 Yes 122 0.002 1.78 (1.23-2.58) 
 No* 235   
BMI at 26 Weeks of Gestation   0.045 1.05 (1.00-1.10) 
Maternal Diet (Pregnancy)     
Consumption of Chocolate Drinks     
 Yes 297 0.040 1.98 (1.03-3.79) 
 No* 60   
Coffee Intake     
 Yes 178 0.011 0.60 (0.41-0.89) 
 No* 179   
Pregnancy Complications 
(Hospital Admissions) 
    
 Yes 85 0.012 1.69 (1.12-2.54) 
 No* 272   
Labour     
 Induced 151 0.041 1.48 (1.02-2.16) 
 C-Section 52 0.218 1.53 (0.78-2.99) 
 Spontaneous* 154   
Birth Weight     
 <2,500g 31 0.038 0.38 (0.15-0.95) 
 >2,500g* 326   
Maternal Diet (Confinement)     
Beans/Peas/Nuts Intake     
 Yes 272 0.003 2.11 (1.29-3.45) 




Indian ethnicity, families with a household income above $4,000 and lower birth 
weight contributed to a decreased probability of having teething pain (p<0.05). 
Dietary patterns during pregnancy and confinement period were observed to 
contribute to the child’s risk of having teething pain. This symptom would occur 
more in children when their mothers were exposed to tobacco smoke during 
pregnancy (p=0.002), had a higher prenatal BMI (p=0.045), were admitted due to a 
pregnancy complication (p=0.012), or underwent an induced labour (p=0.041).  
 
3.2.3 Specific Teething Problems – II. Fever 
 
The proportion of children and the number of time points at which they had teething 
fever (cumulative effect) were taken into consideration.  
 
3.2.3.1 Demographic and Socio-Economic Profile of Sample  
Population  
 
The mean number of time points of which children had teething fever was 0.8+1.1.  
Fifty percent of the children did not have fever related to tooth eruption, followed by 
25.6% who suffered from this teething symptom at least once prior to 18 months of 
age. Chinese and Malay babies were observed to have more frequent teething fever 
when compared to Indians (p<0.001 for both). Mothers with secondary education 
level and household income below $6,000 reported this problem more frequently. No 








3.2.3.2 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.11. 
 
Table 3.11. Prenatal Risk Determinants for Teething Fever 
Factors/Indicators  Total 
N=803 
P-value RR (95% CI) 
Ethnicity     
 Malay 208 0.284 0.89 (0.73-1.10) 
 Indian 135 <0.001 0.58 (0.44-0.76) 
 Chinese* 460   
Mother’s Education Level     
 None/Primary 32 0.029 0.62 (0.41-0.95) 
 Tertiary 491 0.091 0.85 (0.69-1.03) 
 Secondary* 280   
Household Income     
 $0-$999 19 0.016 1.63 (1.09-2.42) 
 $1000-$1999 90 0.704 1.05 (0.81-1.36) 
 $4000-$5999 202 0.273 0.89 (0.72-1.10) 
 Above $6000 258 0.013 0.74 (0.58-0.94) 
 $2000-$3999* 234   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 285 0.041 1.20 (1.01-1.43) 
 No* 518   
Consumption of Chocolates, 
Sweets, Biscuits and/or Cakes 
during Pregnancy 
    
 Yes 721 0.047 0.77 (0.60-0.99) 
 No* 82   
*Reference group. 
 
Indian babies were at less risk of having fever during their teething periods, as well as 
those whose mothers had a lower education level or with families having a household 
income above $6,000 (p<0.05). Children were more susceptible when their families 
had low household income (p=0.016) or when their mothers were exposed to tobacco 
smoke during their pregnancy (p=0.041). Dietary patterns during pregnancy were 





3.2.3.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.12). 
 
Table 3.12. Pre- and Peri-natal Risk Determinants for Teething Fever 
Factors/Indicators  Total 
N=789 
P-value RR (95% CI) 
Ethnicity     
 Malay  202 0.220 0.86 (0.71-1.08) 
 Indian 133 <0.001 0.58 (0.44-0.76) 
 Chinese* 454   
Mother’s Education Level     
 None/Primary 29 0.099 0.69 (0.45-1.07) 
 Tertiary 484 0.049 0.82 (0.67-1.00) 
 Secondary* 276   
Household Income     
 $0-$999 19 0.032 1.58 (1.04-2.40) 
 $1000-$1999 88 0.443 1.11 (0.85-1.45) 
 $4000-$5999 199 0.318 0.89 (0.72-1.12) 
 Above $6000 254 0.020 0.74 (0.58-0.96) 
 $2000-$3999* 229   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 281 0.035 1.21 (1.01-1.45) 
 No* 508   
*Reference group. 
 
Similar to the prenatal model, Indian babies were at less risk of having fever during 
their teething periods, as well as those with families having a household income 
above $6,000 (p<0.05). In this model, children were observed to have teething fever 
when mothers had a higher education level (p=0.049), in contrast to the previous 
model. Children were more susceptible when their families had low household 
income (p=0.032) or when their mothers were exposed to tobacco smoke during their 







3.2.3.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.13).  
 
Table 3.13. Pre-, Peri- and Post-natal Risk Determinants for Teething Fever 
Factors/Indicators  Total 
N=357 
P-value RR (95% CI) 
Mother’s Education Level     
 None/Primary 14 0.057 0.43 (0.18-1.02) 
 Tertiary  231 0.049 0.69 (0.47-1.00) 
 Secondary * 112   
Household Income     
 $0-$999 8 0.990 0.99 (0.41-2.42) 
 $1000-$1999 43 0.042 1.58 (1.02-2.46) 
 $4000-$5999 91 0.129 0.73 (0.49-1.10) 
 Above $6000 119 0.844 1.05 (0.67-1.64) 
 $2000-$3999* 96   
Second-Hand Tobacco Exposure 
during Pregnancy 
    
 Yes 122 0.023 1.40 (1.05-1.88) 
 No* 235   
Supplements during Pregnancy     
 Yes 351 0.036 0.33 (0.11-0.93) 
 No* 6   
Tea Intake during Pregnancy     
 Yes 243 0.043 1.46 (1.01-2.10) 
 No* 114   
Maternal Diet (Confinement)     
Egg Intake     
 Yes 310 0.029 1.84 (1.07-3.18) 
 No* 47   
Oil Used in Cooking     
 Yes 352 0.032 0.30 (0.09-0.90) 
 No* 5   
*Reference group. 
 
Fever during teething periods occurred more in children whose families had a 
household income between $1,000 and $1,999, as well when their mothers were 
exposed to tobacco smoke during pregnancy (p<0.05). Mothers with tertiary 
education level reported less fever episodes when their children were teething 
(p=0.049), as well as when they had taken supplements (i.e. fish oil and folic acid) 
during their pregnancy (p=0.036). Dietary patterns during pregnancy and confinement 
period were observed to contribute to the child’s risk of having teething fever.  
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3.2.4 Specific Teething Problems – III. Decreased Food Intake 
 
The proportion of children and the number of time points at which they had decreased 
food intake due to teething (cumulative effect) were taken into consideration.  
 
3.2.4.1 Demographic and Socio-Economic Profile of Sample  
Population  
 
The mean number of time points of which children had this teething problem was 
0.98+1.2.  Nearly 48% of the children did not have decreased food intake during 
tooth eruption, followed by 24.3% who suffered at least once prior to 18 months of 
age. Chinese babies were observed to have more frequent decreased food intake when 
compared to Indians (p<0.001). No significant differences were found when 
comparing education level, household income, and child’s gender. 
 
3.2.4.2 Prenatal Model  
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.14. 
 




N=803 P-value RR (95% CI) 
Ethnicity     
 Malay 208 <0.001 0.68 (0.55-0.84) 
 Indian 135 0.001 0.68 (0.54-0.86) 
 Chinese* 460   
Household Income     
 $0-$999 19 0.975 1.01 (0.62-1.63) 
 $1000-$1999 90 0.571 0.93 (0.71-1.21) 
 $4000-$5999 202 0.823 0.98 (0.80-1.20) 
 Above $6000 258 0.005 0.73 (0.59-0.91) 
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 $2000-$3999* 234   
Maternal Long-Term Illness     
 Cardiovascular 10 0.220 0.60 (0.26-1.36) 
 Endocrine 11 0.079 0.48 (0.21-1.09) 
 Autoimmune 288 0.013 1.21 (1.04-1.41) 
 Others° 28 0.467 0.85 (0.54-1.33) 
 None* 466   
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
Decreased food intake was reported less among Malay and Indian babies, as well as 
those whose families had a high household income (p<0.05). Children had a higher 
probability of having this teething problem when their mothers have an autoimmune 
disease (p=0.013). 
 
3.2.4.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.15). 
 
Table 3.15. Pre- and Peri-natal Risk Determinants for Decreased Food Intake 
during Teething Periods 
Factors/Indicators  
Total 
N=789 P-value RR (95% CI) 
Ethnicity     
 Malay  202 <0.001 0.65 (0.52-0.80) 
 Indian  133 0.001 0.67 (0.52-0.85) 
 Chinese* 454   
Maternal Long-Term 
Illness 
    
 Cardiovascular 10 0.264 0.62 (0.27-1.43) 
 Endocrine 10 0.161 0.55 (0.24-1.27) 
 Autoimmune 283 0.011 1.22 (1.05-1.42) 
 Others° 28 0.420 0.82 (0.53-1.31) 
 None* 458   
Analgesia/Sedation 
during Labour 
    
 Pharmacological 316 0.033 1.29 (1.02-1.63) 
 Inhaled 170 0.152 1.22 (0.93-1.61) 
 Combination 160 0.052 1.31 (1.00-1.73) 
 None* 143   
*Reference group. 
°Illnesses that do not fall under the major categories.  
 
While the presence of maternal autoimmune diseases (p=0.011) and pharmacological 
analgesia/sedation during labour (p-0.033) may lead to higher risk of decreased food 
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intake during teething periods in children, ethnicity may be a protective factor 
(p<0.05).  
 
3.2.4.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.16).  
 
Table 3.16. Pre-, Peri- and Post-natal Risk Determinants for Decreased Food 
Intake during Teething Periods 
Factors/Indicators  Total 
N=357 
P-value RR (95% CI) 
Ethnicity     
 Malay  97 0.087 0.45 (0.18-1.12) 
 Indian  68 0.013 0.37 (0.17-0.81) 
 Chinese* 192   
Household Income     
 $0-$999 8 0.372 0.60 (0.19-1.86) 
 $1000-$1999 43 0.513 0.86 (0.54-1.36) 
 $2000-$3999 91 0.175 0.77 (0.53-1.12) 
 $4000-$5999 119 0.046 0.65 (0.43-0.99) 
 Above $6000* 96   
Active Smoking during Pregnancy     
 Yes 7 0.014 2.80 (1.23-6.36) 
 No* 350   
BMI at 26 Weeks of Gestation   0.010 1.04 (1.01-1.08) 
Maternal Diet (Pregnancy)     
Consumption of Soft Drinks     
 Yes 250 0.014 1.50 (1.09-2.07) 
 No* 107   
Tea Intake     
 Yes 243 0.037 1.44 (1.02-2.07) 
 No* 114   
Maternal Diet (Confinement)     
Organ Meat Intake     
 Yes 176 0.016 1.54 (1.08-2.20) 
 No* 181   
Leafy Vegetable Intake     
 Yes 344 0.037 0.40 (0.17-0.95) 
 No* 13   
*Reference group. 
 
This teething problem was reported more often among mothers who were active 
smokers during pregnancy (p=0.014) or had a higher prenatal BMI (p=0.010), in 
contrast to Indian children (p=0.013) and those families having a household income 
between $4,000 and $5,999 (p=0.046). Maternal diet during pregnancy and 
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confinement period were observed to contribute to the child’s risk of having 
decreased food intake during teething periods.  
 
3.2.5 Specific Teething Problems – IV. Decreased Daily Activity 
 
The proportion of children and the number of time points at which they had decreased 
daily activity due to teething (cumulative effect) were taken into consideration.  
 
3.2.5.1 Demographic and Socio-Economic Profile of Sample  
Population  
 
The mean number of time points of which children had decreased daily activity due 
to teething was 0.28+0.6. Nearly 79% of the children did not have this problem, 
followed by 16% who suffered at least once prior to 18 months of age. Boys were less 
susceptible to having decreased daily activity, while Chinese babies were observed to 
have a higher risk when compared to Indians (p<0.0.18). Mothers with secondary 
education level and a household income below $6,000 reported this teething problem 
more frequently.  
 
3.2.5.2 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 













RR (95% CI) 
Ethnicity     
 Malay 208 0.037 0.67 (0.46-0.98) 
 Indian 135 0.012 0.54 (0.34-0.87) 
 Chinese* 460   
Household Income     
 $0-$999 19 0.133 1.68 (0.85-3.23) 
 $1000-$1999 90 0.535 1.14 (0.75-1.74) 
 $4000-$5999 202 0.053 0.69 (0.47-1.01) 
 Above $6000 258 0.001 0.50 (0.32-0.76) 
 $2000-$3999* 234   
Child’s Gender      
 Male 408 0.012 0.70 (0.53-0.93) 
 Female* 395   
Medications during Pregnancy     
 Yes 50 0.037 1.50 (1.03-2.18) 
 No* 753   
Organ Meat Intake during 
Pregnancy 
    
 Yes 360 0.044 1.34 (1.01-1.77) 
 No* 443   
*Reference group. 
 
The intake of medications and consumption of organ meats during pregnancy may 
lead to higher risk of decreased daily activity during teething periods. Boys seem to 
be less susceptible, as well those of Malay/Indian ethnicity and those from families 
with high household income, when compared to their counterparts (p<0.05). 
 
3.2.5.3 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.18). 
 
Table 3.18. Pre- and Peri-natal Risk Determinants for Decreased Daily Activity 
during Teething Periods 
Factors/Indicators  
Total 
N=789 P-value RR (95% CI) 
Ethnicity     
 Malay  202 0.039 0.67 (0.45-0.98) 
 Indian  133 0.008 0.52 (0.32-0.84) 
 Chinese* 454   
Household Income     
 $0-$999 19 0.072 1.92 (0.94-3.90) 
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 $1000-$1999 88 0.587 1.13 (0.73-1.76) 
 $4000-$5999 199 0.098 0.72 (0.49-1.06) 
 Above $6000 254 0.003 0.52 (0.33-0.80) 
 $2000-$3999* 229   
Child’s Gender      
 Male 400 0.008 0.68 (0.51-0.90) 
 Female* 389   
Pregnancy Complications 
(Bleeding) 
    
 Yes 103 0.002 0.44 (0.26-0.73) 
 No* 686   
*Reference group. 
 
Other than social demographic factors leading to a less risk of having decreased daily 
activity during their teething periods, mothers who had a history of bleeding during 
pregnancy reported less presence of this teething problem in their children (p=0.002). 
 
3.2.5.4 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.19).  
 
Table 3.19. Pre-, Peri- and Post-natal Risk Determinants for Decreased Daily 
Activity during Teething Periods 
Factors/Indicators  
Total 
N=363 P-value RR (95% CI) 
Organ Meat Intake during Pregnancy     
 Yes 164 0.013 2.19 (1.18-4.07) 
 No* 199   
Antibiotics during Labour     
 Yes 105 0.020 1.98 (1.11-3.54) 
 No* 258   
Gestational Age     
 <37 weeks 29 0.032 3.05 (1.10-8.47) 
 >37 weeks* 334   
Birth Length     
 <49cm 235 0.040 2.07 (1.04-4.13) 
 >49cm* 128   
*Reference group. 
 
Mothers consuming organ meats during their pregnancy (p=0.013) or were 
administered with antibiotics during labour (p=0.020), as well as children born 
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preterm (p=0.040) or with lower length (p=0.032), were observed to contribute to a 
higher risk of having decreased daily activity during teething periods.  
 
3.3 Early Childhood Caries 
 
The presence/absence of early and cavitated lesions were recorded during the 24-
month clinic visit. Various models, using general and oral health independent 
variables (Table 2.7), were constructed after running descriptive and bivariate 
analyses. 
 
3.3.1 Demographic & Socio-Economic Profile of Sample Population 
 
The proportion of children and their respective dmft, dmfs (ICDAS) and dmfs 
(WHO) were analyzed with respect to the demographic and socio-economic 
background. An ECC rate of 18% was found in this population. The mean values for 
ECC were as follows: mean number of teeth with caries (0.50+1.47), mean number of 
surfaces with caries (0.63+2.26) and mean number of cavitated surfaces (0.19+1.43). 
Mothers having secondary education level contributed to a higher dmft in their 
children. Chinese and Malay children with mothers having secondary education level 
were more at risk of having higher dmfs (ICDAS and WHO). A household income 





Eighty-two percent of the children had no caries present in their primary dentition, 
while 5.4% had 1-2 teeth affected by ECC. The teeth most commonly affected were 
the upper incisors followed by the lower first molars (Figure 3.2). 
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Figure 3.2. Teeth Affected by Caries at 24 Months of Age 
 
*Position of teeth: 5=upper right; 6=upper left; 7=lower left; 8: lower right. 
**1: central incisors; 2: lateral incisors; 3: canines; 4: first molars; 5: second molars. 
 
3.3.2.1 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.20. While all independent variables mentioned in Tables 2.6 and 
2.7 were included in the respective models, only the statistically significant factors 
are listed in the tables. 
 
Table 3.20. Prenatal Risk Determinants for dmft 
Factors/Indicators  Total 
N=328 
P-value RR (95% CI) 
Ethnicity     
 Malay  100 0.049 0.68 (0.46-0.99) 
 Indian  44 <0.001 0.21 (0.10-0.44) 
 Chinese*    
Mother’s Education Level     
 None/Primary 12 0.145 0.56 (0.25-1.23) 
 Tertiary 193 <0.001 0.39 (0.26-0.59) 
 Secondary* 123   
Father’s Education Level     
 None/Primary 18 0.329 0.70 (0.34-1.44) 
 Tertiary 192 0.001 2.07 (1.37-3.13) 
 Secondary* 118   
Household Income     























 $4000-$5999 92 0.682 1.09 (0.71-1.68) 
 Above $6000 89 0.095 1.50 (0.93-2.43) 
 $2000-$3999* 107   
Child’s Gender     
 Male  167 0.022 1.42 (1.05-1.92) 
 Female* 161   
Maternal Long-Term Illness     
 Yes 132 <0.001 0.31 (0.20-0.46) 
 No* 196   
Medications during Pregnancy     
 Yes 42 0.001 0.09 (0.02-0.37) 
 No* 286   
BMI at 26 Weeks of Gestation   0.001 1.06 (1.02-1.09) 
Maternal Diet (Pregnancy)     
Fish Intake     
 Yes 308 0.025 2.65 (1.13-6.20) 
 No* 20   
Egg Intake     
 Yes 313 <0.001 0.09 (0.04-0.21) 
 No* 15   
*Reference group. 
 
Other than sociodemographic factors contributing to the child’s risk of developing 
ECC, children were observed to have fewer dental caries when mothers had a long-
term illness (p<0.001), had medications (p=0.001) or consumed eggs during their 
pregnancy (p<0.001). On the other hand, the consumption of fish during pregnancy 
(p=0.025) and higher prenatal BMI (p=0.001) led to a higher caries rate at 24 months 
of age. 
 
3.3.2.2 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.21). 
 
Table 3.21. Pre- and Peri-natal Risk Determinants for dmft 
Factors/Indicators  
Total 
N=327 P-value RR (95% CI) 
Ethnicity     
 Malay  99 0.151 0.74 (0.49-1.12) 
 Indian  44 <0.001 0.25 (0.12-0.52) 
 Chinese* 184   
Mother’s Education Level     
 None/Primary 12 0.227 0.61 (0.27-1.36) 
 Tertiary 193 <0.001 0.42 (0.27-0.64) 
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 Secondary* 122   
Father’s Education Level     
 None/Primary 18 0.421 0.73 (0.35-3.05) 
 Tertiary 192 0.001 2.01 (1.33-3.05) 
 Secondary* 117   
Household Income     
 $0-$1999 40 0.009 1.86 (1.17-2.95) 
 $4000-$5999 91 0.752 0.93 (0.60-1.45) 
 Above $6000 89 0.292 1.30 (0.80-2.14) 
 $2000-$3999* 107   
Maternal Long-Term Illness     
 Yes 132 <0.001 0.30 (0.20-0.46) 
 No* 195   
Medications during Pregnancy     
 Yes 42 0.001 0.10 (0.03-0.41) 
 No* 285   
BMI at 26 Weeks of Gestation   0.011 1.05 (1.01-1.08) 
Maternal Diet (Pregnancy)     
Fish Intake     
 Yes 307 0.019 2.79 (1.18-6.58) 
 No* 20   
Egg Intake     
 Yes 312 <0.001 0.12 (0.05-0.29) 
 No* 15   
Analgesia/Sedation during 
Labour 
    
 Pharmacological 111 0.763 1.07 (0.69-1.65) 
 Inhaled 78 0.009 0.45 (0.25-0.82) 
 Combination  61 0.304 0.75 (0.43-1.30) 
 None* 77   
*Reference group. 
 
Similar significant prenatal variables were found significant in this model. Mothers 
who underwent inhaled analgesia/sedation during labour contributed to higher ECC 
rate in their children (p=0.009). 
 
3.3.2.3 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.22). Only 
significant variables from bivariate analysis were used.  
 
Table 3.22. Pre-, Peri- and Post-natal Risk Determinants for dmft 
Factors/Indicators  
Total 
N=96 P-value RR (95% CI) 
Ethnicity     
 Malay  23 0.232 0.43 (0.11-1.72) 
 Indian  7 0.011 0.47 (0.01-0.49) 
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 Chinese* 66   
Mother’s Education Level     
 None/Primary 6 0.007 0.07 (0.01-0.50) 
 Tertiary 61 0.112 0.33 (0.09-1.29) 
 Secondary* 29   
Household Income     
 $0-$1999 9 0.001 21.93 (3.71-129.77) 
 $4000-$5999 26 0.962 0.96 (0.19-4.80) 
 Above $6000 31 0.485 1.64 (0.41-6.63) 
 $2000-$3999* 30   
Maternal Long-Term Illness     
 Yes 44 0.001 0.22 (0.09-0.55) 
 No* 52   
Egg Intake during Pregnancy     
 Yes 92 0.013 0.01 (0.00-0.38) 
 No* 4   
Birth Length     
 <49cm 70 0.045 0.28 (0.08-0.97) 
 >49cm* 26   
Antibiotics up till 12 Months   0.027 2.83 (1.13-7.10) 
Child’s Weight at 24 Months   0.003 2.01 (1.27-3.20) 
Child’s Height at 24 Months   0.005 0.77 (0.64-0.92) 
*Reference group. 
 
The presence of maternal illnesses (p=0.001) and the consumption of eggs during 
pregnancy (p=0.013) showed to be risk protectors of ECC. Children who were born 
with lower birth length (0.045) or were taller by 24 months of age (p=0.005) had 
lower caries risk in contrast to those who took antibiotics within the first year of life 
(p=0.027) or were heavier by 24 months of age (p=0.003). 
 
3.3.2.4 Month 24 Oral Health Questionnaire 
 
This model was constructed using only the oral health details obtained during the 24-
month clinic visit, with adjustment of potential confounders. 
 
Table 3.23. Relative Risk for dmft using Month 24 Oral Health Questionnaire 
Factors/Indicators  
Total 
N=436 P-value RR (95% CI) 
Ethnicity     
 Malay  134 0.866 1.03 (0.70-1.53) 
 Indian  72 0.002 0.41 (0.23-0.72) 
 Chinese* 230   
Mother’s Education Level     
 None/Primary 20 0.833 1.07 (0.55-2.08) 
 Tertiary 251 0.036 0.65 (0.43-0.97) 
 Secondary* 165   
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Household Income     
 $0-$1999 71 0.003 1.91 (1.24-2.92) 
 $4000-$5999 117 0.359 1.23 (0.79-1.91) 
 Above $6000 108 0.009 1.91 (1.18-3.10) 
 $2000-$3999* 140   
Reason for Tooth Decay     




63 0.006 1.81 (1.19-2.76) 
 Sugar or Bacteria 94 <0.001 2.30 (1.65-3.22) 
 Sugar and Bacteria* 264   
Finger-Sucking Habit     
 Frequently  42 0.010 0.40 (0.20-0.80) 
 Seldom/Occasionally  63 0.546 0.88 (0.57-1.34) 
 Never* 331   
Duration of Pacifier Use   0.002 0.98 (0.96-0.99) 
Sweet Snacks/Drinks 
(Nighttime) 




111 0.005 1.72 (1.18-2.51) 
 Occasionally 116 0.037 1.48 (1.03-2.14) 
 Never* 209   
Child’s Brushing Frequency 
(Daily) 
    
 >Twice  193 <0.001 5.00 (2.68-9.33) 
 Once 172 <0.001 5.08 (2.74-9.39) 
 Never* 71   
Use of Fluoride-Containing 
Toothpaste (Child) 
    
 Yes 188 0.026 0.68 (0.48-0.96) 
 No* 248   
Silness-Löe Plaque Index   <0.001 1.82 (1.40-2.37) 
*Reference group. 
°Tooth worms or heatiness. 
 
A significant higher ECC risk was observed when primary caregivers chose 
“ineffective tooth brushing”, “sugar” or “bacteria” as the reason for tooth decay 
(p<0.05). Children who took sweet snacks/drinks before bedtime (p<0.05), brushed 
frequently their teeth on a daily basis (p<0.001), or had a higher plaque index 
(p<0.001) led to increased caries rate at 24 months of age. Frequent finger-sucking 
habit (p=0.010), prolonged use of pacifiers (p=0.002) and use of toothpastes 
containing fluoride (p=0.026) were observed to be risk protective factors. 
 
3.3.2.5 Oral Health and Main GUSTO 
 
This model was constructed using all M24 oral health variables and selected ones 
from the main GUSTO questionnaires. The initial model using all GUSTO variables 
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was not able to run and therefore, prioritization of significant independent variables 
was implemented. Birth weight and prenatal supplement intake were removed due to 
their largely exponentiated 95% confidence intervals (0.61-344.07 and 0.41-243.80, 
respectively). 
 
Table 3.24. Relative Risk for dmft using Combined Questionnaires 
Factors/Indicators  Total 
N=224 
P-value RR (95% CI) 
Ethnicity     
 Malay  65 0.014 0.25 (0.08-0.75) 
 Indian  29 0.027 0.15 (0.03-0.81) 
 Chinese* 130   
Mother’s Education Level     
 None/Primary 13 0.563 1.80 (0.25-13.17) 
 Tertiary 118 0.033 0.27 (0.08-0.90) 
 Secondary* 93   
Household Income     
 $0-$1999 32 0.631 0.75 (0.22-2.48) 
 $4000-$5999 59 0.354 1.83 (0.51-6.53) 
 Above $6000 56 0.031 4.02 (1.14-14.22) 
 $2000-$3999* 77   
Reason for Tooth Decay     




37 0.007 4.88 (1.55-15.32) 
 Sugar or Bacteria 45 <0.001 14.52 (4.58-46.06) 
 Sugar and Bacteria* 132   
Duration of Pacifier Use   0.036 1.05 (1.00-1.10) 
“Caregiver’s Efficacy in  
Brushing Child’s Teeth” 
    
 
Strongly 
Disagree/Disagree  24 0.734 1.29 (0.30-5.59) 
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Silness-Löe Plaque Index   0.006 3.39 (1.42-8.07) 
Eruption Age of First Tooth   <0.001 1.59 (1.31-1.92) 
Number  of Teeth Erupted by 
24 Months 
  0.001 1.78 (1.28-2.48) 
Maternal Long-Term Illness     
 Yes 88 0.016 0.33 (0.13-0.81) 
 No* 136   
Medications during 
Pregnancy 
    
 Yes 34 0.001 0.006 (0.000-0.19) 
 No* 190   
Supplements during 
Pregnancy 
    
 Yes 215 0.015 0.04 (0.003-0.53) 
 No* 9   
Maternal Diet (Pregnancy)     
Egg Intake     
 Yes 219 <0.001 0.002 (0.000-0.04) 
 No* 5   
Milk Intake     
 Yes 200 <0.001 0.09 (0.02-0.31) 
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 No* 24   
Mode of Delivery     
 LSCS°° 61 0.516 1.40 (0.51-3.81) 
 Assisted 13 0.021 0.13 (0.02-0.74) 
 Normal Vaginal* 150   
Birth Head Circumference     
 <34cm 135 0.029 3.10 (1.12-8.57) 
 >34cm* 89   
Nighttime Bottle-feeding     
 Yes 148 0.046 2.35 (1.01-5.44) 
 No* 76   
*Reference group. 
°Tooth worms or heatiness. 
°°Lower segment Caesarean section 
 
In this model, the prolonged use of pacifiers seemed to increase the risk of developing 
dental caries (p=0.006) in contrast to the previous model. A significant higher ECC 
risk was observed when the primary caregivers chose “ineffective tooth brushing or 
“sugar” or “bacteria” as the reason for tooth decay (p<0.05) and when they were 
neutral towards their ability to withhold sugar snacks from their children even when 
they cried for it (p<0.001). Children were observed to be at higher risk of developing 
dental caries when they were with lower head circumference (p=0.029), were bottle-
fed at night (p=0.046), had a later ETFT (p<0.001), had more teeth erupted by 24 
months of age (p=0.001) or had a higher plaque index (p=0.006). 
 
3.3.3 dmfs (ICDAS) 
 
For the “dmfs” outcome variable, both ICDAS and WHO scoring criteria were taken 
into consideration for the construction of ECC models.  
 
As shown in Figure 3.3, the labial (buccal) surfaces of the upper incisors were the 







Figure 3.3. Tooth Surfaces Affected by Caries at 24 Months of Age 
 
*Position of teeth: 5=upper right; 6=upper left; 7=lower left; 8: lower right. 
**1: central incisors; 2: lateral incisors; 3: canines; 4: first molars; 5: second molars. 
 
3.3.3.1 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.25. 
 
Table 3.25. Prenatal Risk Determinants for dmfs (ICDAS)  
Factors/Indicators  
Total 
N=328 P-value RR (95% CI) 
Ethnicity     
 Malay  100 0.137 0.77 (0.55-1.09) 
 Indian  44 <0.001 0.19 (0.09-0.36) 
 Chinese* 184   
Mother’s Education Level     
 None/Primary 12 0.318 0.72 (0.38-1.37) 
 Tertiary 193 <0.001 0.43 (0.30-0.63) 
 Secondary* 123   
Father’s Education Level     
 None/Primary 18 0.039 0.50 (0.26-0.97) 
 Tertiary 192 <0.001 1.94 (1.34-2.80) 
 Secondary* 118   
Household Income     
 $0-$1999 40 <0.001 2.04 (1.38-3.01) 
 $4000-$5999 92 0.939 0.99 (0.68-1.43) 
 Above $6000 89 0.389 1.21 (0.78-1.88) 
 $2000-$3999* 107   
Maternal Long-Term Illness     






























 No* 196 0.088 1.28 (0.96-1.70) 
Medications during Pregnancy     
 Yes 42 <0.001 0.07 (0.02-0.29) 
 No* 286   
BMI at 26 Weeks of Gestation  328 <0.001 1.94 (1.34-2.80) 
Maternal Diet (Pregnancy)     
Fish Intake     
 Yes 308 0.011 2.69 (1.26-5.77) 
 No* 20   
Egg Intake     
 Yes 313 <0.001 0.06 (0.03-0.13) 
 No* 15   
*Reference group. 
 
The probability of increased dmfs was observed when mothers had a higher prenatal 
BMI (p<0.001) or consumed fish during their pregnancy (p=0.011). The presence of 
maternal illnesses (p<0.001), intake of medications (p<0.001) and consumption of 
eggs during pregnancy (p<0.001) led to a lower dmfs in children.  
 
3.3.3.2 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.26). 
 
Table 3.26. Pre- and Peri-natal Risk Determinants for dmfs (ICDAS) 
Factors/Indicators  
Total 
N=327 P-value RR (95% CI) 
Ethnicity     
 Malay  99 0.471 0.88 (0.61-1.26) 
 Indian  44 <0.001 0.22 (0.11-0.45) 
 Chinese* 184   
Mother’s Education Level     
 None/Primary 12 0.402 0.76 (0.39-1.46) 
 Tertiary 193 <0.001 0.43 (0.29-0.62) 
 Secondary* 122   
Father’s Education Level     
 None/Primary 18 0.122 0.58 (0.29-1.16) 
 Tertiary 192 0.001 1.85 (1.27-2.69) 
 Secondary* 117   
Household Income     
 $0-$1999 40 0.011 1.66 (1.12-2.47) 
 $4000-$5999 91 0.280 0.81 (0.55-1.19) 
 Above $6000 89 0.880 1.04 (0.66-1.63) 
 $2000-$3999* 107   
Maternal Long-Term Illness     
 Yes 132 <0.001 0.27 (0.18-0.40) 
 No* 195   
Medications during Pregnancy     
126 
 
 Yes 42 0.001 0.08 (0.02-0.34) 
 No* 285   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 119 0.015 1.44 (1.08-1.94) 
 No* 208   
BMI at 26 Weeks of Gestation  327 0.001 1.05 (1.02-1.09) 
Maternal Diet (Pregnancy)     
Fish Intake     
 Yes 307 0.010 2.79 (1.28-6.05) 
 No* 20   
Egg Intake     
 Yes 312 <0.001 0.08 (0.04-0.18) 
 No* 15   
Analgesia/Sedation during 
Labour 
    
 Pharmacological 111 0.252 1.26 (0.85-1.86) 
 Inhaled 78 0.004 0.44 (0.25-0.76) 
 Combination  61 0.031 0.55 (0.32-0.95) 
 None* 77   
Birth Length     
 <49cm 233 0.022 0.67 (0.48-0.94) 
 >49cm* 94   
Birth Head Circumference     
 <34cm 192 0.028 0.70 (0.51-0.96) 
 >34cm* 135   
*Reference group. 
 
The probability of increased dmfs was observed when mothers were exposed to 
tobacco smoke (p=0.015), consumed fish (p=0.010) or had a higher BMI (p=0.001) 
during their pregnancy. Fewer tooth surfaces were affected when mothers had a long-
term illness (p<0.001), took medications (p=0.001) or consumed eggs (p<0.001) 
during their pregnancy. Protective factors against ECC development on tooth surfaces 
include the use of inhaled and combined analgesia/sedation during labour (p<0.05), as 
well as lower birth length and head circumference (p<0.05). 
 
3.3.3.3 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.27). Only 









P-value RR (95% CI) 
Ethnicity     
 Malay  23 0.234 0.37 (0.07-1.92) 
 Indian  7 0.003 0.01 (0.001-0.23) 
 Chinese* 66   
Mother’s Education Level     
 None/Primary 6 0.006 0.04 (0.004-0.39) 
 Tertiary 61 0.112 0.27 (0.05-1.36) 
 Secondary* 29   
Maternal Long-Term Illness     
 Yes 44 0.003 0.18 (0.06-0.56) 
 No* 52   
Weaning onto Solids   96 0.035 0.59 (0.37-0.97) 
Child’s Weight at 24 Months  96 0.001 2.51 (1.45-4.35) 
Child’s Height at 24 Months  96 0.002 0.71 (0.57-0.89) 
*Reference group. 
 
The presence of maternal illnesses (p=0.003) and weaning onto solids by 9 months of 
age (p=0.035) showed to be risk protectors against ECC development on tooth 
surfaces. Children who were taller by 24 months of age had lower dmfs (p=0.002) in 
contrast to those who were heavier by 24 months of age (p=0.003). 
 
3.3.3.4 Month 24 Oral Health Questionnaire 
 
This model was constructed using only the oral health details obtained during the 24-
month clinic visit, with adjustment of potential confounders. 
 
Table 3.28. Relative Risk for dmfs (ICDAS) using Month 24 Oral Health 
Questionnaire 
Factors/Indicators  Total 
N=436 
P-value RR (95% CI) 
Ethnicity     
 Malay  134 0.044 0.71 (0.50-0.99) 
 Indian  72 <0.001 0.29 (0.17-0.49) 
 Chinese* 230   
Mother’s Education Level     
 None/Primary 20 0.945 1.02 (0.59-1.75) 
 Tertiary 251 0.004 0.59 (0.41-0.84) 
 Secondary* 165   
Household Income     
 $0-$1999 71 0.036 1.46 (1.03-2.09) 
 $4000-$5999 117 0.950 0.99 (0.67-1.46) 
 Above $6000 108 0.288 1.28 (0.83-1.99) 
 $2000-$3999* 140   
Reason for Tooth Decay     
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 Beliefs° 15 0.119 0.32 (0.08-1.34) 
 
Ineffective Tooth 
Brushing 63 0.170 1.33 (0.89-1.99) 
 Sugar or Bacteria 94 <0.001 2.04 (1.52-2.73) 
 Sugar and Bacteria* 264   
Age of First Dental Check-up 
for Child 
  <0.001 0.87 (0.80-0.93) 
Finger-Sucking Habit     
 Frequently 42 0.003 0.35 (0.17-0.70) 
 Seldom/Occasionally  63 0.507 1.13 (0.79-1.62) 
 Never* 331   
Duration of Pacifier Use   0.001 0.98 (0.96-0.99) 
Sharing Feeding/Drinking 
Utensils 
    
 Frequently  91 0.042 0.68 (0.47-0.99) 
 Seldom/Occasionally 202 0.002 0.63 (0.47-0.85) 
 Never* 143   
Sweet Snacks/Drinks 
(Nighttime) 




111 <0.001 1.99 (1.42-2.79) 
 Occasionally 116 0.204 1.24 (0.89-1.73) 
 Never* 209   
“Caregiver’s Ability to 
Withhold Sugar Snacks from 
Child" 




47 0.198 0.72 (0.44-1.19) 
 Neutral  96 0.018 1.43 (1.06-1.93) 
 
Agree/Strongly 
Agree* 293   
Child’s Brushing Frequency 
(Daily) 
    
 >Twice  193 <0.001 6.85 (3.74-12.55) 
 Once  172 <0.001 5.19 (2.86-9.43) 
 Never* 71   
“Caregiver’s Efficacy in  
Brushing Child’s Teeth” 
    
 
Strongly 
Disagree/Disagree  47 0.181 1.32 (0.88-1.99) 
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Silness-Löe Plaque Index   <0.001 1.89 (1.51-2.38) 
*Reference group. 
°Tooth worms or heatiness. 
 
A significant higher dmfs was observed when primary caregivers chose “sugar” or 
“bacteria” as the reason for tooth decay (p<0.001) and when they were neutral 
towards their ability to withhold sugar snacks from their children even when they 
cried for it (p=0.018). Children who had frequent sweet snacks/drinks before bedtime 
(p<0.001), brushed frequently their teeth on a daily basis (p<0.001), or had a higher 
plaque index (p<0.001) led to an increased dmfs at 24 months of age. Frequent 
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finger-sucking habit (p=0.003) and sharing feeding/drinking utensils (p<0.05) were 
observed to be risk protective factors. 
 
3.3.3.5 Oral Health and Main GUSTO 
 
This model was constructed using all M24 oral health variables and selected ones 
from the main GUSTO questionnaires. The initial model using all GUSTO variables 
was not able to run and therefore, prioritization of significant independent variables 
was implemented. Birth weight and prenatal supplement intake were removed due to 
their wide 95% confidence intervals. 
 
Table 3.29. Relative Risk for dmfs (ICDAS) using Combined Questionnaires 
Factors/Indicators  
Total 
N=224 P-value RR (95% CI) 
Ethnicity     
 Malay  65 0.003 0.19 (0.06-0.58) 
 Indian  29 0.011 0.11 (0.02-0.61) 
 Chinese* 130   
Mother’s Education 
Level 
    
 None/Primary 13 0.129 4.34 (0.65-28.79) 
 Tertiary 118 0.038 0.28 (0.08-0.93) 
 Secondary* 93   
Household Income     
 $0-$1999 32 0.565 0.71 (0.22-2.31) 
 $4000-$5999 59 0.271 2.03 (0.58-7.15) 
 Above $6000 56 0.021 4.43 (1.25-15.73) 
 $2000-$3999* 77   
Yearly Dental Check-
ups (Mother) 
    
 Yes 91 0.024 11.58 (1.39-96.81) 
 No* 133   
Reason for Tooth 
Decay 
    
 Beliefs° 10 0.089 0.18 (0.03-1.30) 
 
Ineffective Tooth 
Brushing 37 0.008 4.63 (1.49-14.41) 
 Sugar or Bacteria 45 <0.001 17.48 (5.46-56.03) 
 Sugar and Bacteria* 132   
Finger-Sucking Habit     
 Frequently 28 0.044 0.17 (0.03-0.96) 
 Seldom/Occasionally 35 0.299 2.27 (0.48-10.62) 
 Never* 161   
Duration of Pacifier 
Use 
 224 0.022 1.06 (1.01-1.11) 
Sweet Snacks/Drinks 
(Daytime) 
    
 >Twice 92 0.029 0.18 (0.04-0.84) 
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 Once 96 0.147 0.35 (0.09-1.45) 
 Never* 36   
Child’s Brushing 
Frequency (Daily) 
    
 >Twice 97 0.032 5.21 (1.15-23.67) 
 Once  95 0.146 3.40 (0.65-17.75) 




    
 Yes 98 0.038 2.36 (1.05-5.33) 
 No* 126   
“Caregiver’s Efficacy 
in  Brushing Child’s 
Teeth” 




24 0.593 1.49 (0.34-6.49) 
 Neutral  44 <0.001 16.01 (5.59-45.86) 
 Agree/Strongly Agree* 156   
Silness-Löe Plaque 
Index 
 224 0.010 3.15 (1.31-7.54) 
Eruption Age of First 
Tooth 
 224 <0.001 1.72 (1.41-2.09) 
Number of Teeth 
Erupted by 24 Months 
 224 <0.001 2.01 (1.43-2.82) 
Maternal Long-Term 
Illness 
    
 Yes 88 0.030 0.38 (0.16-0.91) 
 No* 136   
Supplements during 
Pregnancy 
    
 Yes 215 0.007 0.02 (0.001-0.35) 
 No* 9   
Milk Intake during 
Pregnancy 
    
 Yes 200 <0.001 0.06 (0.02-0.24) 
 No* 24   
BMI at 26 Weeks of 
Gestation 
 224 0.038 1.11 (1.01-1.23) 
Analgesia/Sedation 
during Labour 
    
 Pharmacological 82 0.215 0.45 (0.12-1.60) 
 Inhaled 53 0.245 2.41 (0.55-10.58) 
 Combination 37 0.015 5.67 (1.41-22.81) 
 None* 52   
Mode of Delivery     
 LSCS°° 61 0.353 1.61 (0.59-4.36) 
 Assisted 13 0.021 0.13 (0.02-0.73) 
 Normal Vaginal* 150   
Birth Head 
Circumference 
    
 <34cm 135 0.019 3.41 (1.22-9.48) 
 >34cm* 89   
Child’s Growth Rate 
During the First 6 
Months of Life 
 224 0.015 0.98 (0.97-1.00) 
Nighttime Bottle-
feeding 
    
 Yes 148 0.038 2.45 (1.05-5.74) 
 No* 76   
Infections up till 24 
Months (Child) 
 224 0.033 1.51 (1.03-2.20) 
*Reference group. 
°Tooth worms or heatiness. 
°°Lower segment Caesarean section 
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The probability of surfaces affected by dental caries increased when the primary 
caregivers chose “ineffective tooth brushing or “sugar” or “bacteria” as the reason for 
tooth decay (p<0.05) and when they were neutral towards their ability to withhold 
sugar snacks from their children even when they cried for it (p<0.001). Factors 
leading to a decreased dmfs included maternal illnesses (p=0.030), milk and 
supplement intake during pregnancy (p=<0.001 and p=0.007, respectively), assisted 
delivery, and a higher growth rate in the first 6 months of life. Children had more 
dental surfaces were affected when mothers go for regular yearly dental check-ups 
(p=0.024), had a higher BMI during pregnancy (p=0.038), or underwent combined 
analgesia/sedation during labour (p=0.015). Children had a higher dmfs when they 
were born with lower head circumference (p=0.019), were bottle-fed at night-time 
(p=0.038), had infections within the first 2 years of life (p=0.033), had a higher 
plaque index (p=0.010), used pacifier for a prolonged period of time (p=0.022), had a 
later ETFT (p<0.001), brushed teeth more frequently (p=0.032), used fluoride 
toothpaste (p=0.038) or had more teeth erupted by 24 months of age (p<0.001). 
 
3.3.4 dmfs (WHO) 
 
As shown in Figure 3.4, the labial surfaces of the upper central and lateral incisors 











Figure 3.4. Cavitated Surfaces at 24 Months of Age 
 
*Position of teeth: 5=upper right; 6=upper left; 7=lower left; 8: lower right. 
**1: central incisors; 2: lateral incisors; 3: canines; 4: first molars; 5: second molars. 
 
3.3.4.1 Prenatal Model 
 
Information collected during the various time points throughout pregnancy 
(eligibility, recruitment and 26-week) was used to construct the prenatal model, as 
shown in Table 3.30. 
 
Table 3.30. Prenatal Risk Determinants for dmfs (WHO) 
Factors/Indicators  Total 
N=329 
P-value RR (95% CI) 
Ethnicity     
 Malay  101 0.369 0.77 (0.43-1.37) 
 Indian  44 0.003 0.04 (0.01-0.33) 
 Chinese* 184   
Mother’s Education Level     
 None/Primary 12 0.845 1.09 (0.45-2.69) 
 Tertiary 193 0.005 0.39 (0.21-0.75) 
 Secondary* 124   
Father’s Education Level     
 None/Primary 18 0.182 0.46 (0.15-1.44) 
 Tertiary 192 <0.001 3.91 (1.94-7.88) 
 Secondary* 119   
Household Income     
 $0-$1999 41 <0.001 5.39 (2.86-10.15) 
 $4000-$5999 92 0.287 0.67 (0.32-1.41) 
 Above $6000 89 0.391 0.70 (0.31-1.58) 
 $2000-$3999* 107   
Maternal Long-Term Illness     






















 No* 197   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 120 0.031 1.71 (1.05-2.78) 
 No* 209   
BMI at 26 Weeks of Gestation  329 <0.001 1.09 (1.04-1.14) 
Egg Intake during Pregnancy     
 Yes 313 0.013 0.23 (0.07-0.73) 
 No* 16   
*Reference group. 
 
Children were observed to have a lower dmfs when mothers had a long-term illness 
(p<0.001), or consumed eggs during their pregnancy (p=0.013). On the other hand, 
prenatal tobacco exposure (p=0.031) and higher BMI during pregnancy (p<0.001) led 
to more cavitated tooth surfaces at 24 months of age. 
 
3.3.4.2 Perinatal Model 
 
Details of delivery and birth, as well as information collected during the various time 
points throughout pregnancy, were used to construct the perinatal model (Table 3.31). 
 
Table 3.31. Pre- and Peri-natal Risk Determinants for dmfs (WHO) 
Factors/Indicators  Total 
N=398 
P-value RR (95% CI) 
Ethnicity     
 Malay  120 0.006 0.46 (0.27-0.80) 
 Indian  61 <0.001 0.01 (0.001-0.13) 
 Chinese* 217   
Mother’s Education Level     
 None/Primary 17 0.500 0.72 (0.27-1.90) 
 Tertiary 225 0.031 0.50 (0.26-0.94) 
 Secondary* 156   
Household Income     
 $0-$1999 61 <0.001 3.30 (1.90-5.72) 
 $4000-$5999 112 0.002 0.31 (0.15-0.66) 
 Above $6000 100 0.035 0.40 (0.17-0.94) 
 $2000-$3999* 125   
Maternal Long-Term Illness     
 Yes 160 <0.001 0.30 (0.17-0.50) 
 No* 238   
Supplements during 
Pregnancy 
    
 Yes 289 <0.001 3.01 (1.70-5.34) 
 No* 109   
Second-Hand Tobacco 
Exposure during Pregnancy 
    
 Yes 154 0.010 1.88 (1.16-3.05) 
 No* 244   
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BMI at 26 Weeks of Gestation  398 <0.001 1.09 (1.05-1.14) 
Maternal Diet (Pregnancy)     
Egg Intake     
 Yes 381 0.019 0.22 (0.06-0.78) 
 No* 17   
Milk Intake     
 Yes 359 0.002 0.33 (0.16-0.67) 
 No* 39   
Pregnancy Complications 
(Bleeding) 
    
 Yes 51 0.025 0.25 (0.08-0.84) 
 No* 347   
Analgesia/Sedation during 
Labour 
    
 Pharmacological 137 0.005 2.50 (1.31-4.74) 
 Inhaled 90 0.061 0.41 (0.16-1.04) 
 Combination  79 0.518 0.76 (0.34-1.73) 
 None* 92   
Birth Length     
 <49cm 288 <0.001 0.34 (0.19-0.60) 
 >49cm* 110   
Birth Head Circumference     
 <34cm 231 0.028 0.53 (0.30-0.93) 
 >34cm* 167   
*Reference group. 
 
The presence of maternal illnesses (p<0.001), consumption of eggs/milk during 
pregnancy (p<0.05) and history of bleedings during pregnancy were shown to be risk 
protectors against caries development on tooth surfaces. Children who were born with 
lower birth length (p<0.001) or head circumference (p=0.028) had lower dmfs in 
contrast to those who mothers were exposed to tobacco smoke during pregnancy 
(p=0.010), took prenatal supplements (p<0.001), had a higher prenatal BMI (p<0.001) 
or underwent pharmacological analgesia/sedation during labour (p=0.005). 
 
3.3.4.3 Postnatal Model 
 
Information collected at 3 weeks, 3-6-9-12-15-18 months of age, as well as prenatal 
and perinatal details, was used to construct the postnatal model (Table 3.32). Only 










P-value RR (95% CI) 
Mother’s Education Level     
 None/Primary 14 0.787 0.80 (0.16-4.01) 
 Tertiary 131 0.003 0.13 (0.03-0.50) 
 Secondary* 106   
Household Income     
 $0-$1999 36 <0.001 8.66 (2.80-26.84) 
 $4000-$5999 71 0.269 2.17 (0.55-8.59) 
 Above $6000 58 0.017 8.41 (1.46-48.60) 
 $2000-$3999* 86   
Maternal Long-Term Illness     
 Yes 97 0.004 0.20 (0.07-0.60) 
 No* 154   
Second-Hand Tobacco Exposure 
during Pregnancy 
    
 Yes 99 0.001 6.04 (2.09-17.47) 
 No* 152   
Cheese/Yogurt  Intake during 
Pregnancy 
    
 Yes 201 0.012 3.84 (1.34-10.98) 
 No* 50   
Pregnancy Complications 
(Bleeding) 
    
 Yes 30 0.044 0.09 (0.01-0.94) 
 No* 221   
Birth Length     
 <49cm 189 0.002 0.17 (0.06-0.54) 
 >49cm* 62   
Weaning onto Solids  251 0.003 0.53 (0.35-0.80) 
Child’s Growth Rate During the 
First 6 Months of Life 
 251 <0.001 0.95 (0.93-0.98) 
Child’s Weight at 24 Months  251 <0.001 4.98 (2.88-8.63) 
Child’s Height at 24 Months  251 <0.001 0.56 (0.43-0.72) 
Allergies up till 24 Months 
(Child) 
 251 <0.001 3.38 (2.20-5.21) 
Antibiotics up till 12 Months 
(Child) 
 251 <0.001 5.81 (2.96-11.44) 
Medications up till 24 Months 
(Child) 
 251 <0.001 0.10 (0.05-0.20) 
Supplements up till 24 Months 
(Child) 
 251 <0.001 2.28 (1.47-3.54) 
*Reference group. 
 
The risk of having cavitated tooth surfaces was higher when children weighed more 
at 24 months of age (p<0.001), took supplements in the first two years of life 
(p<0.001), had allergies within the first 18 months of life, or took antibiotics within 
the first year of life (p<0.001).  Children had an increased dmfs when mothers were 
exposed to tobacco smoke during pregnancy (p=0.001) or consumed cheese/yogurt 
products during pregnancy (p=0.012). Children were at less risk of having cavitated 
tooth surfaces when they were born with lower length (p=0.002), had a higher growth 
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rate within the first 6 months of life (p<0.001), were taller at 24 months of age 
(p<0.001), or had taken medications within the 2 years of life (p<0.001). The dmfs 
decreased as well when mothers had a long-term illness (p=0.004) or a history of 
bleedings during pregnancy (p=0.044). 
 
3.3.4.4 Month 24 Oral Health Questionnaire 
 
This model was constructed using only the oral health details obtained during the 24-
month clinic visit, with adjustment of potential confounders. 
 
Table 3.33. Relative Risk for dmfs (WHO) using Month 24 Oral Health 
Questionnaire 
Factors/Indicators  Total 
N=436 
P-value RR (95% CI) 
Ethnicity     
 Malay  134 <0.001 0.12 (0.05-0.26) 
 Indian  72 <0.001 0.008 (0.001-0.081) 
 Chinese* 230   
Mother’s Education Level     
 None/Primary 20 0.857 1.11 (0.36-3.44) 
 Tertiary 251 0.016 0.32 (0.13-0.81) 
 Secondary* 165   
Child’s Gender     
 Male  225 0.038 0.50 (0.26-0.96) 
 Female* 211   
Age of First Dental Check-
up for Child  
  <0.001 0.58 (0.47-0.72) 
Duration of Pacifier Use   <0.001 0.91 (0.87-0.96) 
Sharing Feeding/Drinking 
Utensils 
    
 Frequently  91 0.875 0.94 (0.41-2.12) 
 Seldom/Occasionally 202 <0.001 0.07 (0.03-0.16) 
 Never* 143   
Sweet Snacks/Drinks 
(Daytime) 
    
 >Twice  176 0.491 1.63 (0.41-6.58) 
 Once 181 0.005 7.12 (1.79-28.27) 
 Never* 79   
Sweet Snacks/Drinks 
 (Night-time) 




111 <0.001 7.38 (3.30-16.50) 
 Occasionally 116 0.647 0.82 (0.34-1.95) 
 Never* 209   
“Caregiver’s Ability to 
Withhold Sugar Snacks 
from Child" 
    
 
Strongly 
Disagree/Disagree  47 0.015 3.25 (1.26-8.37) 
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 Neutral  96 <0.001 16.10 (6.37-40.66) 
 
Agree/Strongly 
Agree* 293   
Child’s Brushing 
Frequency (Daily) 
    
 >Twice  193 <0.001 22.85 (4.18-125.00) 
 Once  172 0.333 2.29 (0.43-12.08) 




    
 Yes 188 <0.001 4.10 (2.07-8.12) 
 No* 248   
“Caregiver’s Efficacy in  
Brushing Child’s Teeth” 




47 0.001 0.19 (0.07-0.52) 
 Neutral 91 0.195 1.74 (0.75-4.03) 
 
Agree/Strongly 
Agree* 298   
Silness-Löe Plaque Index   <0.001 3.97 (2.08-7.57) 
*Reference group. 
 
A significant higher ECC risk was observed when primary caregivers chose “sugar” 
or “bacteria” as the reason for tooth decay (p<0.001) and when they were neutral 
towards their ability to withhold sugar snacks from their children even when they 
cried for it (p<0.05) or when they disagreed with their efficacy in brushing their 
children’s teeth (p=0.001). Children who had frequent sweet snacks/drinks before 
bedtime (p<0.001), brushed frequently their teeth on a daily basis (p<0.001), or had a 
higher plaque index (p<0.001) led to an increased caries rate at 24 months of age. 
Frequent finger-sucking habit (p=0.003) and sharing seldom or occasionally 
feeding/drinking utensils (p<0.001) were observed to be risk protective factors. 
 
3.3.4.5 Oral Health and Main GUSTO 
 
This model was constructed using all M24 oral health variables and selected ones 
from the main GUSTO questionnaires. The initial model using all GUSTO variables 
was not able to run and therefore, prioritization of significant independent variables 
was implemented. Birth weight, prenatal supplement intake and “importance of baby 
teeth” were removed due to their wide 95% confidence intervals. 
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RR (95% CI) 
Ethnicity     
 Malay  97 0.026 0.10 (0.01-0.76) 
 Indian  46 - 1.00 (0.00-0.00) 
 Chinese* 171   
Yearly Dental Check-ups 
(Mother) 
    
 Yes 119 0.002 0.03 (0.003-0.28) 
 No* 195   
Number of Dental Check-
Ups in a Year (Mother) 
 314 0.001 5.23 (1.99-13.74) 
Mother’s Brushing 
Frequency (Daily) 
    
 >Twice 269 0.037 0.21 (0.05-0.91) 
 None/Once* 45   
Age of First Dental Check-
up for Child 
 314 0.001 0.47 (030-0.73) 
Sharing Feeding/Drinking 
Utensils 
    
 Frequently 66 0.677 0.71 (0.14-3.65) 
 Seldom/Occasionally  153 <0.001 0.02 (0.003-0.19) 
 Never* 95   
“Caregiver’s Ability to 
Withhold Sugar Snacks 
from Child" 
    
 
Disagree/Strongly 
Disagree 33 0.788 0.71 (0.06-9.00) 




206   
Use of Fluoride-Containing 
Toothpaste (Child) 
    
 Yes 137 0.041 4.18 (1.06-16.50) 
 No* 177   
Silness-Löe Plaque Index  314 0.001 12.32 (2.88-52.65) 
Maternal Long-Term Illness     
 Yes 133 0.003 0.06 (0.01-0.38) 
 No* 181   
BMI at 26 Weeks of 
Gestation 
 314 <0.001 1.39 (1.18-1.65) 
Birth Head Circumference     
 <34cm 182 0.041 0.26 (0.07-0.95) 
 >34cm* 132   
Allergies up till 24 Months 
(Child) 
 314 0.016 0.44 (0.22-0.86) 
Supplements up till 24 
Months (Child) 
 314 0.029 1.88 (1.07-3.31) 
*Reference group. 
 
The frequency of dental check-ups (mother) in a year seemed to increase the child’s 
risk for cavitated tooth surfaces, as well as when mothers had a higher prenatal BMI 
and when primary caregivers were neutral towards their ability to withhold sugar 
snacks from their children even when they cried for it (p=0.001). Children who had 
supplements up till 24 months of age (p=0.029), and those having a higher plaque 
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index (p=0.001) led to an increased caries rate at 24 months of age. Interestingly, a 
higher rate of caries were observed in children who brushed their teeth with 




Similar to teething problems, data on the number of teeth erupted by each time point 
was collected every three months. By six months of age, 12.2% of the children had 
their first tooth erupted, of which 9.4% of the children had two teeth present by this 
time. By eighteen months, 29.7% of the children had 16 teeth erupted. Decreased 
food intake and fever were the most common teething problems within the first 18 
months of age (particularly between 9 and 12 months for the latter) and decreased 
daily activity was the least frequent. By 24 months of age, 66.4% of children had 16 
teeth erupted, while only 8.4% had their complete primary dentition erupted. Nearly 
18% had at least one tooth affected by dental caries. Through the combination of 
variables for the construction of models, we were able to see the time-effect of certain 
factors/indicators. An overview of the significant factors/indicators is shown in Table 
3.35.  
 








Mother’s Health      
Medications (Mother)      
Maternal Diet      
Tobacco Exposure during Pregnancy      
Delivery/Birth Events      
Child’s Health      
Medications (Child)      
Supplements (Child)      






With the multi-ethnic nature of Singapore’s population, Table 3.36 shows a summary 
of the major outcomes across the three major ethic groups. 
 
Table 3.36. Ethnic Distribution for Oral Health Outcomes  
Ethnicity ETFT No TPs within the First 18 Months of Age dmft<1 
Chinese 7.8 (+2.3) months 25.3% 82.3% 
Malay 9.2 (+2.7) months 27.9% 78.4% 





CHAPTER IV: DISCUSSION AND CONCLUSION 
 
 
Different approaches were considered beforehand when modelling for the three major 
outcome variables. Bivariate analysis was conducted for each factor/indicator prior to 
including them in the final models (multivariate analysis). Consequently, all variables 
(except for those with high standard error or collinearity) were included for analysis 
in order to identify the clinical determinants for the eruption timing of the first tooth 
(linear regression), teething problems and early childhood caries. Poisson Log was 
used for teething problems and ECC, ensuring that the deviance of each model was 
less than 2. If this was the case, negative binomial models were used. Due to a 
smaller sample size used for ECC outcome, the variables that were included in the 
“combined questionnaires” models were narrowed down through using those that 
were statistically significant in the bivariate analysis and eliminating one by one 
(priority selection) until the models were able to run. 
 
4.1 Research Design 
 
4.1.1 Longitudinal Data Collection 
 
National University Hospital (NUH) and KK Women’s and Children’s Hospital 
(KKH), along with the Singapore General Hospital (SGH), Mount Alvernia Hospital 
and Thomson Medical Centre, account for 80% of the births in Singapore (AsiaOne, 
2012). The construction of models in this study was possible due to the nature of this 
birth cohort, which recruited expectant mothers in their first trimester of pregnancy 
and followed up to 3 years of life. Serial tracking of development, growth and other 
parameters were conducted throughout the antenatal period, birth and early 
childhood. Monitoring of different biological measures, including infant oral health, 
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were undertaken at more frequent time-points than many other studies. Thus, the 
time-effect of events occurring during pregnancy and/or early infancy might be better 
reflected during early childhood. 
 
4.1.2 General Procedures 
 
Questionnaires were interviewer-administered at different time points from 
pregnancy to infancy, while case report forms were used to record both mothers’ and 
children’s anthropometric measurements. During infancy, initial visits were 
conducted at the subjects’ homes while clinic visits were established later on 
(particularly from 18 months and onwards). Inherent difficulties included compliance 
of mothers and children, recall bias and no show of subjects at one or more of the 
time points. With this in mind, the data quality and follow-up of the subjects had to 
be carefully and constantly overseen.  
   
4.1.3 Oral Examination and Diagnostic Criteria  
 
Oral examinations were performed by the same research coordinators who conducted 
the main infancy questionnaire and/or measurements. Tooth eruption was defined as 
the visible appearance of any portion of the crown penetrating the gingiva at the time 
of the oral examination. The system used in this study to classify the different stages 
of tooth eruption was selected based on its simplicity and feasibility of utilization in 
very young children. All assessments (simple naked eye) were conducted by these 
non-professional personnel, appropriately trained and standardized by a certified 
dentist.  
 
During the 24-month clinic visits, oral examinations were performed by a trained 
dental professional using plain mouth mirrors and blunt WHO probes. The use of 
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sharp probes might cause damage to enamel surfaces with sub-surface lesions and 
enable the transmission of cariogenic microorganisms (Bergman and Linden, 1969; 
Ekstrand et al., 1987). Visual inspection was employed as the main method for caries 
evaluation, with the aid of tactile inspection to confirm the diagnosis only when 
necessary. The ideal caries detection method should capture the whole continuum of 
the caries process. Figure 4.1 shows some of the current caries detection methods 
available, besides the conventional visual-tactile and radiographic methods, to enable 
the identification of early lesions (Lussi and Angmar-Mansson, 2008; Mejare and 
Kidd, 2008; Nyvad et al., 2008; Pretty, 2006; Zandona and Zero, 2006). No additional 
detection methods were used due to the constraints of the field settings and ethical 
considerations. In this study, the dmft, dmfs (ICDAS) and dmfs (WHO) were based 
only on the component of “decayed” teeth/surfaces. 
 
Caries detection in surveys are usually performed at the cavitation level as it is 
believed that examiners frequently cannot reliably detect non-cavitated lesions 
(WHO, 1997). Earlier studies have used ICDAS criteria in their examination protocol 
involving primary teeth (Finlayson et al., 2007; Sohn et al., 2007). This study 
implemented a modified ICDAS scoring system was implemented for detecting the 
presence of both non-cavitated and cavitated carious lesions. It integrates several 
criteria to enable the detection of six stages of the carious process, ranging from early 










Figure 4.1. Types of Caries Detection Methods  
 
 
4.1.4 Dealing with Missing Data 
 
GUSTO has currently an attrition rate of approximately 12% per year. Subjects might 
miss one or more time points, either a home or a clinic visit. All available cases were 
taken into consideration for analysis at different time points. There are currently 
1,104 active participants, of which 653 subjects have completed all 13 visits from 
pregnancy up to 24 months. 
 
4.1.5 Internal and External Validity of the Study 
 
Questionnaires were formulated prior to the commencement of each time point, with 
approval by the domain leader and GUSTO’s Executive Committee prior to their 
implementation. Different measures were applied to ensure the validity of this study, 
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including periodic training and calibration sessions (digital and on-site), pilot studies 
for all procedures (main GUSTO and sub-domains) at both clinical sites, and quality 
check after finalising each case.  
 
4.2 Eruption Timing of the First Tooth 
 
This study utilized a similar design and method for the estimation of primary and 
permanent tooth eruption as in previous studies (Jarman and Kohlenberg, 1991; 
Tanasen, 1968). Its simplicity and ease of reference were the main reasons for 
choosing this assessment method for the examiners. The mean age and standard 
deviation for tooth eruption in this study were compared with the results obtained in 
other studies, which were mostly cross-sectional design and used similar methods of 
estimating tooth eruption.  
 
In this study, overall statistically significant variables leading to an earlier or a 
delayed tooth eruption in children were ethnicity, milk and vegetable consumption 
during pregnancy, antibiotics during labour, birth weight/length/head circumference 
(child), breastfeeding duration, and childhood infections/supplement intake prior to 
the eruption of the first tooth. Though not statistically significant when taken as a 
whole, the presence of maternal cardiovascular diseases and the use of combined 
analgesia/sedation during labour were found to be associated with later ETFT in 
GUSTO children. 
 
The time of formation, calcification and eruption of the primary teeth, like every 
biological process, are subject to variation. Nevertheless, under normal conditions, 
the time, sequence and chronology of the biological events follow a regular cycle 
(Sanders et al., 2006). Factors influencing tooth eruption timing have been mentioned 
as early as 1935. Early studies have attributed variations in the chronology of tooth 
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eruption to nutritional, socio-economic, climatic and environmental factors (Ferguson 
et al., 1957; Lavelle, 1975; Sato and Ogiwara, 1971). Gender and racial/ethnic 
variations in the ages at which primary teeth erupt and in eruption patterns have also 
been observed (Hitchcock et al., 1984; Jarman and Kohlenberg, 1991; Kaste et al., 
1994; Ramirez et al., 1994). 
 






















Upper CI 3-4 2 7-10 2.5 2 
 LI 4 2-3 8-11 2.5 3 
 C 4-5 9 16-19 3.5 7 
 1M 4 6 12-15 3 5 
 2M 5 11 25-28 4 10 
Lower CI 3-4 2-3 6-8 2.5 1 
 LI 4 3 9-13 2.5 4 
 C 4-5 9 17-20 3.5 8 
 1M 4 6 12-16 3 6 
 2M 5 10 20-26 3.5 9 
(ElNesr and Avery, 2001) 




Teeth present in the oral cavity at the time of birth are called natal teeth while those 
that erupt during the first 30 days of life are known as neonatal teeth. A predilection 
of 66% for the presence of natal/neonatal teeth in females has been reported (Kates et 
al., 1984). Various theories have been proposed to explain the aetiology of premature 
tooth eruption due to fever, endocrine diseases, dietetic deficiencies, effects of 
congenital syphilis, and superficial position of tooth germ (Lemos et al., 2009). Only 
0.4% of the GUSTO children had natal teeth present, while 0.4% had their first tooth 
erupted past 18 months of age (21 months was the maximum ETFT). There is a lack 
of studies on eruption of the primary dentition in Asian children, though a slight delay 
was observed in Asians’ permanent tooth eruption when compared to African 
children in a cross-sectional study conducted in Nairobi, Kenya (Hassanali and 
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Odhiambo, 1981). In comparison to the other populations, we can speculate that 
GUSTO children have a slightly delayed tooth eruption.  
 
Symmetrical tooth eruption has not been extensively studied though it has been 
hypothesized that teeth on one side erupt earlier than the other side (Steggerda and 
Hill, 1942). It has been suggested that this asymmetry might be structured and 
possibly affected by gender and race (Garn et al., 1981). Initially, this study had 
planned to collect and analyze data on tooth eruption sequence and respective 
emergence timings to further understand the differences in eruption patterns. 
However, due to difficulties (i.e. incomplete data cleaning) encountered at the present 
time, this data will be analyzed in future works.   
 
4.2.1 Maternal Health during Pregnancy  
 
Medications can interfere with the synthesis and the ability to transport, store, or 
metabolize nutrients. Even in therapeutic doses, they can alter nutrient utilization 
(Roe, 1985) such as the inhibition of gastrointestinal absorption of vitamins by 
cholestyramine; the enhancement of potassium, magnesium and zinc excretion by 
thiazide diuretics; and the acceleration of vitamin D metabolism and depletion of 
calcium by anticonvulsants (Rikans, 1986). Few studies have observed an 
acceleration of the extrusive tooth movement caused by some hypotensive drugs 
(such as guanethidine, hydralazine and hexamethonium) due to the decrease of the 
systemic arterial blood pressure (Chiba, 1994; Moxham, 1979). 
 
In the GUSTO birth cohort, medications that were frequently taken by mothers during 
pregnancy (14.5%) included antibiotics, analgesics, antihypertensives, antihistamines 
and β2-adreneergic receptor agonists. Their children were observed to have an earlier 
tooth eruption, which could be possibly caused by an increased pressure in the 
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vascular tissue. The vascular tissue, which lies between the developing tooth and its 
bony surroundings, exerts blood pressure required in the process of active tooth 
eruption (Chiba, 1994; Constant, 1896; Moxham, 1979).  
 
Tooth eruption might be enhanced by CSF-1, which up-regulates the immuno-
reactivity of bone marrow mononuclear cells to growth hormone receptor and IGF-1 
(Symons et al., 2003). For example, diabetes has been found to play a role in this 
mechanism as it modifies the extra-alveolar eruption, which depends on root 
development and bone apposition in the apical region of the erupting tooth (Luan et 
al., 2007; Marks and Schroeder, 1996). Sixty-three percent of the GUSTO mothers 
had their immune system affected (i.e. by allergy, eczema or asthma) before/during 
their pregnancy, followed by 2% affected by an endocrine disease. We can speculate 
that effects of maternal long-term illnesses can also be reflected in the next 
generation’s growth and development.  
 
4.2.2 Delivery/Birth Events 
 
While the mode of delivery was shown to influence ETFT, there is no literature 
which can explain the mechanism behind this. Historically, assisted vaginal deliveries 
were performed to extract foetuses from women at high risk of dying due to 
prolonged or obstructed labour (Ali and Norwitz, 2009). An assisted delivery refers to 
the application of either forceps or a vacuum device to assists mothers during their 
vaginal delivery. At least 5% of the GUSTO mothers had a delivery aided by assisted 
breech, vacuum or forceps. It is possible that the use of analgesia/sedation during 




Maternal nutritional status plays an important role in birth outcomes, which may be 
attenuated by biologic, socioeconomic, demographic and environmental factors. Low 
birth weight, defined as birth weight less than 2,500 grams, is associated with 
perinatal morbidity and increased of long-term disability. It can result from premature 
delivery, intrauterine growth failure/disruption, or a combination of both factors 
(Goldenberg and Culhane, 2007). Preterm birth, defined as gestational age less than 
37 weeks, contributes to the incidence of low birth weight and is the leading 
underlying cause of infant mortality (Scholl and Johnson, 2000). Preterm infants 
usually have low birth weight, which may be related to a shorter gestational period 
and to mother’s malnutrition. They tend to have many serious medical problems 
during the neonatal period that may affect the development of the oral tissues (Seow, 
1997a).  
 
Studies suggest that birth is the stimulus for tooth eruption and that eruption time is 
the same in preterm infants as for full-term infants (Seow et al., 1988). An early study 
observed that 40% of prematurely born infants had their teeth erupt on time; whereas 
the remaining 60% had their teeth erupt later, even taking into account the adjusted 
age (Viscardi et al., 1994). Tooth eruption may be disrupted in preterm infants by 
nutritional deficiencies (Sanders et al., 2006), exposure to certain medicaments 
(Donaldson et al., 2008; Drummond et al., 1992), and traumatic oral manipulations 
(Litt et al., 1995; Viscardi et al., 1994). Less than 8% of the GUSTO children were 
born prematurely and with low birth weight. These two factors were not found to be 
statistically significant determinants for ETFT in this study.  
 
Neonatal illnesses (including duration of oral intubation) and nutritional factors (age 
at which full enteral feeding was attained, age at which oral vitamin supplementation 
was initiated and average weight gain per day) have been found to be correlated with 
age at which the child’s first tooth erupted (Viscardi et al., 1994). Moreover, a 
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correlation was also found between the number of teeth erupted at different ages and 
somatic growth in prematurely born children. In this study, more than 90% of the 
children were born full-term and normal birth weight (>2,500 grams). While birth 
weight and gestational age were significant factors when considered individually, 
birth length and head circumference were the ones that were significant in the final 
model. When these parameters were below the normal standards, ETFT was observed 
to be delayed. Thus, skeletal growth can be reflected in the child’s oral health 
development. 
 
4.2.3 Child’s Health 
 
Though early studies indicated primary tooth eruption to be primarily under genetic 
control, pre-and postnatal nutritional factors may influence this physiological process. 
Nutritional status during infancy and early childhood has adverse effects on a child’s 
growth/ development and possible delayed tooth development. An early study by 
Delgado and colleagues assessed the tooth eruption status in 273 children every 3 
months from birth up to 24 months of age (Delgado et al., 1975). Birth weight and 
calorie intake during pregnancy were used as indicators of the nutritional status of 
both mother and child. Maternal caloric supplementation and child’s weight were 
both shown to have an effect on the number of primary teeth erupted.  In this study, 
the mean number of teeth erupted by the first year of life was 5.8 in boys and 5.4 
females (p=0.015). The modelling for this outcome variable was not conducted as 
maternal micronutrient intake during pregnancy and food diaries of both mother and 
child need to be taken into consideration. They were not fully available at the time the 
analysis of this study was conducted. 
 
The high metabolic demand on the growing tissues might influence tooth eruption. 
Therefore, any illness occurring during early life may affect both soft and hard 
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tissues, including the dentition. Medications may cause an abundance of dense 
connective tissue or acellular collagen that could impede tooth eruption (Ekstrand et 
al., 2003; Nystrom et al., 2001; Pahkala et al., 1991). GUSTO children who suffered 
an infection (diarrhoea, ear infection, vomiting) at least once prior to the eruption of 
their first tooth showed delayed ETFT. Contrastingly, though 43.5% of them had 
runny nose or eczema prior to the eruption of their first tooth, no statistical 
significance was observed. 
 
Contradicting findings regarding tooth eruption timing and the child’s growth and 
development have been reported in early studies (Falkner, 1957; Lysell et al., 1962; 
Robinow et al., 1942). The number of teeth erupted has been observed to be related to 
age of the infant and to some extent to the child’s weight (Lawoyin et al., 1996). A 
high body fat content may cause accelerated linear growth and hormonal changes 
(particularly IGF-1 and growth hormone receptors) (Stovitz et al., 2008), which in 
turn could modify tooth eruption. It has been reported that overweight children have 
more erupted teeth than children with a normal BMI (Haddad and Correa, 2005; 
Hilgers et al., 2006). Though metabolic changes affect bone maturation and mineral 
metabolism during early life, the growth rate (weight) during the first 6 months of life 
was used as a clinical predictor though no statistical significance was observed in this 
study. Future work will include the use of growth rate (length) as a variable since it 
reflects the skeletal growth of children instead of adiposity, when using weight as the 
parameter. 
 
4.2.4 Dietary Influences 
 
Completion of the cellular phase of amelogenesis is a pre-requisite for tooth eruption. 
Early studies have found that severe/prolonged dietary disturbances during critical 
periods of tooth formation can alter morphology, chemical composition, cellular 
152 
 
structure, eruption timing and appearance of teeth (Dreizen, 1972; Shaw, 1969; 
Widdowson and McCance, 1964). An adequate diet during pregnancy is an important 
factor for an optimal dental development of the child. Though genetic factors play a 
role in tooth eruption timing and resistance to dental caries, dietary influences can 
affect fetal tooth development, particularly during the first six months of gestation. It 
has been suggested that nutritional deficiencies in early postnatal life play a role in 
the development of defective dentition or delayed eruption (Delgado et al., 1975; 
Infante and Owen, 1973).  
 
Previous studies have focused on malnutrition when finding an association between 
maternal nutritional status and oral health outcomes including tooth 
development/eruption and dental caries (Alvarez and Navia, 1989; Alvarez, 1995; 
Jontell and Linde, 1986). However, little is known about the influence of maternal 
dietary intake during pregnancy on children’s oral health. This study used prenatal 
dietary patterns compared to those before pregnancy (increased, similar or decreased 
intake). Nonetheless, micronutrient data would be the most adequate source to use for 
future analysis to support and help justify current findings across all outcomes.                           
 
Tooth formation begins at 6 weeks of gestation when cells in the foetus’ oral cavity 
begin to differentiate and form tooth buds. The lack of crucial nutrients during 
pregnancy, particularly during the “critical periods” of oral tissue development, can 
affect tooth size, timing of tooth eruption, enamel defects and salivary gland 
formation (Bailit, 1975; Dorsky, 2001). Vitamin A deficiency is prevalent when dairy 
products and fresh fruit/vegetable intake are limited (Ladipo, 2000). Such deficiency 
occurring during pregnancy can result in decreased epithelial tissue development, 
tooth morphogenesis dysfunction, and decreased odontoblasts differentiation in fetal 
development (DePaola et al., 1999).  It has been suggested that the lack of vitamin A 
produces chemical changes that reduces the extent of dentin mineralization (Harris 
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and Navia, 1986). Vitamin C plays an important role in the integrity of osteoblasts, 
fibroblasts, chondroblasts, and odontoblasts. Its recommended dietary intake (RDI) 
requires daily ingestion, due to its water-solubility nature, and increases by 67% 
during pregnancy. Similar to vitamin A, fresh fruits and vegetables are good sources 
of this micronutrient and both work together to promote tooth development and 
mineralization (Dixon and Wilson, 1992; Fontana, 1994). There is an increased need 
for calcium (RDI of 1,000 mg) during gestation due to the demands of calcification 
for the fetal skeleton and mineralization of the primary dentition. Effects of calcium, 
phosphorus and vitamin D deficiencies include decreased plasma calcium levels, 
hypoplasia/hypomineralization, compromised tooth integrity, and delayed tooth 
eruption (DePaola et al., 1999).  
 
Table 4.2 lists the vitamin and mineral recommendations for promotion of fetal/infant 
health (IOM, 1997; 1998; Mobley and Marshall, 2005). GUSTO children showed 
delayed ETFT when they had taken supplements prior to tooth eruption. This 
contradicts earlier findings in which children presented delayed tooth eruption when 
they started oral vitamin supplementation at an older age (Viscardi et al., 1994). 
Results shown so far in this study are inconclusive due to the quantitative nature of 
the dietary patterns collected through the questionnaires. Food diaries (daily dietary 
patterns), which are obtained at each time point, will be a great aid to further 
understand dietary patterns during confinement period and early infancy as they can 
provide an insight of nutritional intake during crucial periods of child growth and 
















Vitamin    
A 770 RE  
Carotenoids; preformed vitamin found in 
oily fish, liver, eggs, and fortified 
margarine  
B1 1.4 mg  
Fortified wheat flour and breakfast 
cereals, milk, eggs, yeast extract 
B2 1.4 mg  
Dairy products and eggs, fortified 
breakfast cereals, liver, kidney, and 
whole grains 
B6 1.9 mg 2 mg 
Liver, meat, fish, whole grains, milk and 
peanuts 
B12 2.6 mg  
Meat, fish, eggs, dairy products, fortified 
breakfast cereals 
C 85 mg 50 mg 
Citrus fruits, berries, potatoes, green 
vegetables, bell peppers, parsley 
D 5 µg 5 µg 
Oily fish, fortified margarine, eggs, 
sunlight 
E 15 mg  Vegetable oils, sunflower seeds, whole 
grains, eggs 
K 90 mg  Vegetables, pulses, liver 
Folate 600 µg 400 – 600 µg 
Liver, kidney, green leafy vegetables, 
oranges, pulses, and fortified breakfast 
cereals 
Niacin 18 mg NE  Peanut butter; lean ground beef; chicken; 
tuna; shrimp 
Mineral    
Iron 27 mg 300 mg 
Meat, fish, dark-green vegetables, pluses, 
cocoa, fortified breakfast cereals 
Calcium 1,000 – 1,300 mg 250 mg 
Dairy products (milk, yogurt, cheese); 
leafy green vegetables; almonds; 
calcium-fortified foods 
Phosphorus 700 – 1,250 mg  
All animal foods (meats, fish, poultry, 
eggs, milk) 
Zinc 11 – 13 mg 15 mg 
Shellfish, fish, meat, poultry, dairy 
products, pulses  
*RE: retinol equivalents; NE: niacin equivalents. 
 
Breastfeeding within the first year of life has been shown to have an effect on tooth 
eruption (Gartner et al., 2005). It has been found to be advantageous to the infant’s 
health, of which it has attributed to its developmental, nutritional, immunological, 
psychological, social and environmental benefits (Dee et al., 2007; Eidelman, 2012). 
Though a recent study showed no association between breastfeeding duration and 
ETFT (Folayan et al., 2010), this study shows earlier tooth eruption in children who 
were breastfed continuously till the first tooth erupted.  Less than 10% were not 
breastfed from birth up till when their first tooth erupted. For infants, breastfeeding at 
birth up to one year of age is recommended in order to reduce the incidence of 
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infectious morbidity (Hamosh, 2001). Thus, we can speculate that breastfeeding 
duration and early childhood infections have a synergistic effect on the eruption 
timing of the primary dentition. 
 
4.3 Teething Problems 
 
In this study, overall statistically significant variables leading to the general risk of 
having teething problems within the first 18 months of life were ethnicity, maternal 
intake of medications prior to pregnancy, prenatal BMI and consumption of 
tea/chocolate drinks during pregnancy. In view of this, different teething problems 
(pain, fever, and decreased food intake/daily activity) were taken into consideration 
for further analysis. Overall significant determinants for each teething problem were 
as follows: 
a. Pain: ethnicity, maternal intake of medications prior to pregnancy, exposure to 
tobacco smoke during pregnancy, a higher prenatal BMI, consumption of 
meat/chocolate drinks/coffee during pregnancy, hospital admissions due to 
pregnancy complications, child’s birth weight, and consumption of 
beans/peas/nuts during confinement period.  
b. Fever: exposure to tobacco smoke during pregnancy, consumption of 
chocolates/sweets/biscuits/cakes/tea during pregnancy, prenatal supplement intake, 
consumption of eggs and use of cooking oil during confinement period. 
c. Decreased food intake: ethnicity, maternal smoking during pregnancy, higher 
prenatal BMI, consumption of soft drinks/tea during pregnancy and consumption 
of organ meats/leafy vegetables during confinement period. 
d. Decreased daily activity: ethnicity, gender, prenatal intake of medications and 
organ meats, bleeding during pregnancy, antibiotics during labour, and child’s 




Teeth are surrounded by a mucinous gel which appears to form a continuum between 
the enamel organ and the connective tissue (Engel, 1951). Early studies have shown 
that carbohydrate-containing substances comprise a high portion of this membrane 
(Engel, 1948; Wislocki et al., 1948). Also, there are chemically inert and relatively 
insoluble glycoproteins in the ground substance of the connective tissue. As teeth 
erupt, the overlying connective tissue and bone undergo changes permitting such 
movement to take place. It is possible that the responsiveness of the connective tissue 
to hormonal and nutritional influences may explain the accelerated/delayed tooth 
eruption and presence of teething signs/symptoms in children. The latter may be due 
to the diffusion of glycoprotein residues into the general blood circulation (Engel, 
1951).        
 
Historically, the teething process was believed to be a cause of childhood illnesses 
and infant mortality (Tanasen, 1968), which occurred most commonly in children 
aged 6 to 24 months of age (Dally, 1996). A child’s first tooth usually erupts between 
4 and 10 months of age, and the complete primary dentition is usually present by 30 
months. With this stage usually coinciding with illnesses (such as respiratory, middle 
ear and diarrhoeal infections) and rapid development change in infants, the attribution 
of signs and symptoms to teething has been nearly universal (Coreil et al., 1995; 
Jarman and Kohlenberg, 1991; King, 1994). In an Australian survey, more than 90% 
of parents believed teething problems to start between 3 and 11 months and cease 
between 18 and 36 months of age (Wake et al., 1999). It was observed that the 
duration of symptoms attributed to each tooth ranged from less than one day to more 
than four weeks. The GUSTO data collection was designed in a way so that mothers 
would not be biased with regard to communicating more signs and symptoms when it 
was determined that a tooth was erupting. Seventy percent of the parents reported at 
least one teething sign/symptom in their child within the first eighteen months of life. 
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The rate of teething problems increased with age, which may coincide with the 
number of teeth erupted at each time point, particularly the incisors and molars. 
  
Evidence regarding teething signs and symptoms is generally subjected to comments 
from parents, child care workers and/or health professionals. Most of the studies on 
teething problems are small, retrospective, descriptive and cross-sectional in design. 
No causal relationship between teething and infection, fever or diarrhoea has been 
demonstrated. Moreover, a wide array of systemic teething disturbances (including 
fever, vomiting, rashes, sleep disturbances, diarrhoea, decreased appetite for liquids 
and cough) have been attributed to illnesses (such as meningitis, bacterial infections 
and herpes simplex virus) (Ashley, 2001; Castiglia, 1992; McIntyre and McIntyre, 
2002).  Teething was commonly perceived in the following ways (Neaderland, 1952): 
a. Teething is pathological and symptoms are part of a cause-effect relationship. 
b.  Teething is physiological and symptoms are merely coincidental.  
c. Teething is predominantly physiological and symptoms are a normal consequence. 
 
Controversy exists with regards to individual symptoms associated with teething. One 
study found irritability and fever to be the most common symptoms (Sarrell et al., 
2005), while an earlier study found tooth eruption to be linked with daytime 
restlessness, thumb-sucking, gum-rubbing, drooling and loss of appetite (Tanasen, 
1968). Drooling, hand-/lip-/object-biting, restlessness and night-time crying have 
been suggested to be developmental in origin (Frank and Drezner, 2001; Kravitz et 
al., 1977). However, in a study of infants and toddlers 6-30 months of age, no 
association was found between the above-mentioned symptoms and teething (Wake 
et al., 2000). It is possible that teething may be a scapegoat for events occurring 
during the first two years of life. Though there was a clear differentiation between 
teething problems and medical signs/symptoms of childhood illnesses in this study, 
we cannot discard the possibility of teething problems arising coincidentally during 
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tooth eruption at the same time as the child was ill (allergies and/or infections). Thus, 
we recommend more objective measures for teething problems in future work. 
 
Most parents appear to identify teething signs and symptoms before and during tooth 
eruption. It is difficult to confirm or refute these beliefs. It has been suggested that 
“teething” problems may not be specific to tooth eruption, but to child development 
during later infancy (Zuckerman and Frank, 1992). Parents may have been biased 
toward reporting more/less symptoms when a child had a tooth erupting. Such bias 
could explain the observed weak/strong associations and the uniformity of trends 
across the various teething problems. Even for a trained observer, the ascertainment 
of tooth eruption might have presented certain challenges. For this study, inaccuracies 
were minimized through defining tooth eruption period and assuming that any 
teething problems were likely to occur during this time. An Australian survey has 
shown that 28% of parents believed that symptoms may last for more than two weeks 
and 12% more than four weeks (Wake et al., 1999). Similar to this study, most 
children came from families with generally higher education (61% of the mothers had 
a tertiary educational level) and household income (30% of the mothers had a 
household income above $6,000). Though no statistical differences were observed, 
the duration for each teething problem in GUSTO children will be taken into 
consideration for future analysis.  
               
4.3.1 Maternal Factors 
 
The eruption timing of the primary dentition coincides with the diminution of the 
circulating maternal immunity conferred via the placenta and the establishment of the 
child’s own humoral immunity. Children of this age group are more susceptible to a 
myriad of relatively minor infections (Sood and Sood, 2010). Thus, child health may 
be a reflection of maternal health, beliefs and habits during early childhood. Maternal 
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secretory IgA, epidermal growth factor and anti-inflammatory cytokines are 
components contributing to the antimicrobial and bactericidal properties of breast 
milk (Thibeau and D'Apolito, 2012). However, breastfeeding duration was not found 
to have an effect on the presence of teething problems. 
 
The full development of the nociceptive nerve tracts and neurons occurs at 20-24 
weeks of gestation (Anand and Hickey, 1987; Wolf, 1999). Childbirth is considered 
to be the main stressor during the perinatal period and studies have shown a 
difference in the physiological stress response (cortisol levels) due to the mode of 
delivery (Gitau et al., 2001; Mears et al., 2004; Miller et al., 2005; Vogl et al., 2006). 
It has been shown that assisted vaginal delivery is the most stressful method of 
childbirth, where the biochemical response and clinical pain reaction have been 
suggested to be higher in children born through this mode of delivery (Schuller et al., 
2012). It is possible that elevated neonatal cortisol levels may have an impact on 
health later in life. Though not statistically significant in this study, we hypothesize 
that the mode of delivery and induced labour, in combination with complications 
arising during pregnancy, may increase a child’s susceptibility for teething pain. A 
decreased food intake/daily activity due to teething was observed when mothers had 
uterine bleeding during their pregnancy. This could be explained by the use of 
medications (i.e. progesterone) to control the abnormal bleeding and cause further 
hormonal changes. 
 
4.3.2 Child-Related Factors 
 
Tooth eruption enables the access of serum-derived antibodies to the mouth through 
the gingival crevices (Challacombe et al., 1978) and IL-1ß is the major endogenous 
pyrogen present when there is an inflammation. It may contribute to tissue damage by 
stimulating the release of neutral metaloproteinases from fibroblasts and other 
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mesenchymal cells (Arend and Leung, 1994). Different symptoms have been 
attributed to teething problems in primary dentition. Dated back to as far as 1839, 
5016 deaths in England were attributed to teething (HMSO, 1911) and in 1883, 
physicians insisted that “dentition was a powerful predisposing cause of diarrhoea 
and enteritis” (Meigs and Pepper, 1883). Historically, teething has been attributed to 
diarrhoea, vomiting, eczema, bronchial catarrh, convulsions and strabismus (Burnet, 
1918). Similarly, approximately 70% of the GUSTO children had at least one 
teething problem and a nearly consistent association was found between each teething 
problem and the presence of infections within the first 18 months of life.   
 
In this study, fever was the most common teething problem (49.9%), followed by 
pain (35.5%). Fever is the systemic response of the body to the presence of pro-
inflammatory cytokines (Dinarello, 1999; Dinarello et al., 1999). Due to the release 
of cyclic AMP, elevated the thermostatic set-point results in mechanisms of 
peripheral heat conservation and increased metabolic heat production until blood 
temperature bathing the hypothalamus matches the elevated set-points, resulting in 
fever (Dinarello, 1999). There is weak evidence regarding this condition despite a 
prevalence of approximately 85% reported in previous studies (Ashley, 2001; Wake 
et al., 1999; Wilson and Mason, 2002; Wise et al., 1998).  
 
Teething pain in infants is the most common teething disturbance associated with 
primary teeth eruption, which is usually interpreted by adults in the form of 
vocalization, facial expression, body movements and changes in breathing rates. 
Biologically, teething pain may be a result of elevated levels of inflammatory 
mediators in the gingival crevicular fluid and tissues surrounding the erupting tooth, 
which in turn stimulates the nociceptive receptors (Marks, 1995; Shapira et al., 2003; 
Wise et al., 2002). Furthermore, it may be exacerbated by rubbing or scratching the 
gingival tissues, by biting into hard objects or by the presence of eruption cysts 
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(Ashley, 2001; Boj et al., 2006; Stewart, 1982). Though there is a lack of evidence 
regarding decreased daily activity, this might be associated with restlessness, 
accompanied by other symptoms such as decreased appetite for solid foods, sleep 
disturbance, coughing and rash. While decreased food intake and daily activity were 
the least common teething problems reported by GUSTO parents, reported results of 
teething fever and pain were consistent with previous studies.  
 
4.4 Early Childhood Caries 
 
In this study, overall statistically significant variables leading to children’s general 
risk of developing ECC in the first two years of life were gender, maternal health 
conditions, prenatal intake of medications, prenatal BMI, consumption of fish/eggs 
during pregnancy, child’s birth length, intake of antibiotics during early childhood 
and child’s height/weight at 24 months of age. Overall significant determinants for 
the development of ECC on tooth surfaces were as follows: 
a. Based on ICDAS scoring criteria: maternal health conditions, prenatal BMI, 
consumption of fish/eggs during pregnancy, child’s birth length, weaning onto 
solids and child’s weight/height at 24 months of age. 
b. Based on WHO scoring criteria: maternal health conditions, tobacco exposure 
during pregnancy, prenatal BMI, consumption of eggs/milk/cheese/yogurt during 
pregnancy, bleeding during pregnancy, child’s birth length, weaning onto solids, 
childhood allergies and intake of medications/supplements within the first two 
years of life, child’s weight/height at 24 months of age. 
 
ECC usually manifests in the same sequence as that of eruption of the primary 
dentition, with the exception of mandibular incisors and canines (Winter et al., 1966). 
In this study, a framework was proposed to classify the multifactorial determinants of 
ECC, as shown in Figure 4.2. Factors within R1 are etiological factors and those 
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influencing them directly; factors with R1/R2 are potential modifiers of the factors 
within R1; factors within R2/R3 are factors influencing indirectly the factors within 
R2/R1. 
 
Figure 4.2. Proposed Direct and Indirect Pathways Related to ECC 
Development 
 
4.4.1 Maternal Health  
 
Environmental chemicals and drugs can adversely affect tooth development and 
subsequent eruption into the oral cavity. Therapeutic medications and their adverse 
interactions with tooth development and/or enhance caries susceptibility have been 
studied such as tetracycline (Genot et al., 1970), anticonvulsants (Orup et al., 1998) 
and chemotherapeutics drugs (Dahllof et al., 1994; Kaste et al., 1994). Certain 
medications should be avoided as much as possible during pregnancy or periods of 
enamel calcification. Teeth are most vulnerable during their development and prior to 
eruption into the oral cavity. In this study, maternal long-term illnesses seemed to be 
a protective factor against caries in children. Factors contributing to prenatal use of 
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medications include both chronic and acute health conditions during pregnancy. The 
most common types of medications included analgesics, laxatives, cough and cold 
remedies, estrogenic compounds, antibiotics, antihistamines, asthma medications and 
antacids. It is very likely that particular health conditions and respective use of 
medications may enhance oral health development and modify the initial colonizing 
microflora in the child. 
 
4.4.2 Delivery/Birth Events 
 
Every delivery leaves a mark on the teeth developing at that time, in the form of the 
neonatal line (Peretz and Kafka, 1997). Two decades ago, a strong association was 
found regarding “baby bottle tooth decay” and neonatal complications as well as 
mothers having a history of complications during pregnancy and/or delivery (Peretz 
and Kafka, 1997). It has been reported that traumatic fetal events, such as fetal 
distress and operative delivery, can cause temporary hypocalcaemia in the newborn 
and subsequently, disturbances in enamel formation may arise (Nikiforuk and Fraser, 
1981). The mode of delivery plays a role in the early acquisition. Infants delivered by 
caesarean section have been reported to acquire these microorganisms earlier than 
newborns delivered vaginally (17.1 versus 28.8 months, p = 0.038) (Li et al., 2005). 
Possible rationale behind it is that vaginal delivery may provide newborns early 
protection against MS colonization as they come in contact with greater number and 
variety of microorganisms at an earlier time (from the perineum) (Li et al., 2005). 
This study confirms such findings as children who were born through operative 
delivery (LSCS/assisted) were more at risk for ECC development, in contrast pre- and 
neonatal complications were. This will be confirmed in future work when taking into 
consideration more specific details of labour and delivery to understand the potential 




4.4.3 Child’s Health 
 
During pregnancy, serum IgG antibodies to S. mutans are transferred from mother to 
infant via placenta and possibly affecting the neonatal immune response (Ivanyi and 
Lehner, 1977). Modified mediators of the fetal immune system may result in 
enhanced susceptibility to infections at the post-delivery stage (Falkner, 1957). It is 
possible that disturbances of the foetus’ immune response may influence the early 
microbial colonization in the oral cavity (Julihn et al., 2009). GUSTO children who 
have had at least one infection or had taken medications within the first two years of 
life had less tooth decay. This could be explained due to the type of medication taken 
to treat the infection as children taking antibiotics for long periods of time have been 
observed to develop fewer caries lesions (Handelman et al., 1966).  
 
4.4.4 Dietary Influences 
 
The potential mechanisms underlying the observed associations between maternal 
food intake and ECC need to be further investigated. Prenatal calcium intake has been 
suggested to be an important protective factor in caries prevention. Association 
between reduced risk of dental caries in children and different types of dairy products 
and supplements, including calcium, have been found in a few studies (Bergel et al., 
2010; Thitasomakul et al., 2009). Increased maternal calcium intake during 
pregnancy not only can lower serum lead levels, but it can influence tooth 
mineralization, causing teeth to be more acid-resistant. Several authors have also 
hypothesized that pre- and postnatal cheese intake to be protective against childhood 
caries (Llena and Forner, 2008; Ohlund et al., 2007) and a Japanese cross-sectional 
study found an inverse association between yogurt intake and caries prevalence in 3-
year old children (Tanaka et al., 2010). Though inconclusive, a study in rats 
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demonstrated higher caries susceptibility in their offspring when they were on a high 
sucrose diet during pregnancy and lactation (Sognnaes, 1948).   
 
It is possible that nutrient intake during pregnancy and confinement period, other than 
calcium, could be responsible for the protective effects against ECC. Also, mothers’ 
dietary patterns can reflect healthy dietary patterns and lifestyles in their children. 
While the child’s dietary patterns are not readily available yet in GUSTO, the body 
mass index (BMI) is a more objective measure. Though the relationship between 
caries experience and BMI has had conflicting results (Gerdin et al., 2008; Macek and 
Mitola, 2006; Modeer et al., 2010; Moreira et al., 2006; Sheller et al., 2009; 
Willerhausen et al., 2007), this study not only shows a potential correlation between 
childhood obesity and ECC, but also a link between maternal BMI and offspring’s 
oral health (including dental caries). This could be the long-term consequence of the 
appetite-regulating neural network due to overnutrition during prenatal and perinatal 
development (Julihn et al., 2009). 
 
Adequate nutrition during the first few months of life may be met via breast milk 
and/or infant formula. Both breast- and bottle-fed infants are at potential risk for 
developing ECC. As the decay process may start even before teeth are fully erupted, 
the long-term use of bottles containing fermentable sugars (e.g. cow’ milk, formula, 
fruit juice, soda and other sweetened drinks) and at-will breastfeeding have been long 
considered as primary risk factors (Kaste and Gift, 1995). Breastfeeding is 
recommended by paediatricians and other health care professionals to be continued 
for at least the first year of life and beyond, for as long as mutually desired by mother 
and child (Gartner et al., 2005). Yet, the American Association of Paediatric 
Dentistry (AAPD, 2008a) discourages the bedtime infant breastfeeding, especially 
after the eruption of the first tooth to prevent ECC. An early systematic review 
investigating the relationship between breastfeeding and ECC found that out of 28 
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relevant articles, only 3 were rated to have moderate quality (Valaitis et al., 2000) 
Due to conflicting findings, no evidence-based conclusion could be drawn from this 
review. Findings of other studies since 2000 have led to the controversy of prolonged 
and unrestricted breastfeeding being a potential risk factor for ECC (Azevedo et al., 
2005; Dini et al., 2000; Sayegh et al., 2005). This includes a positive association 
found between caries and months of breastfeeding in a Singaporean study (Gao et al., 
2007). After controlling for multiple confounders and with different categories of 
breastfeeding, the significant increase of caries risk was found when the duration of 
breastfeeding was above the threshold of one year, allowing a “healthy window for 
breastfeeding”.  
 
While it has been reported that the cariogenicity of bottle-feeding is enhanced due to 
high frequency and/or long periods of intake during sleep (Fraiz and Walter, 2001), 
our results showed no statistical significance in those children who were breast- or 
bottle-fed at night-time. This may have been due to the small sample size and low 
caries prevalence in the studied population. On the other hand, prolonged 
breastfeeding was found to be a risk factor, which confirmed the findings of a study 
of preschoolers in Singapore where breastfeeding for “1-2 years” and “beyond 2 years” 
elevated the caries risk (RR=1.42 and RR=1.64, respectively) (Gao et al., 2010). 
 
Dietary factors, especially sucrose, influence dental caries prevalence and severity 
(Rugg-Gunn, 1966). The acid production from its metabolism disrupts the 
equilibrium of the microbial environment in favour of aciduric and acidogenic 
bacterial growth (Marsh, 1991). Daily sugar consumption is an independent risk 
factor in the development of ECC according to four cohort studies in preschool 
children aged 1 to 5 years (Grindefjord et al., 1996; Karjalainen et al., 2001; 
Rodrigues and Sheiham, 2000; Wendt et al., 1996). Cariogenic foods generally 
include simple carbohydrates and starches that can be retained on the teeth long 
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enough to be hydrolyzed by salivary amylase (Kashket et al., 1996). It has been noted 
that the pattern of sugar consumption is precociously established and maintained 
throughout the first years of life (Rossow et al., 1990). Both the way and timing of 
food intake influence the time that is necessary to completely flush food residues 
from the oral cavity. Conflicting results were observed in this study as children 
consuming sweet snacks/drinks at least twice per day were less susceptible to ECC. 
One limitation of this study is that the GUSTO children’s dietary intake (food diaries 
and 24-hour food recall) was not taken into consideration. 
 
4.4.5 Behavioural Factors 
 
Primary caregivers, particularly the mother, usually have control over many of the 
behavioural factors that can increase caries risk. Infants and toddlers are usually 
dependent on them to attend to their feeding and hygiene practices. The lack of 
knowledge of ECC risk factors and proper care for newly erupting teeth in this young 
group of population may prevent them from meeting their children’s oral health 
needs. Perception of self-efficacy is an important basis for action and/intervention, of 
which studies have generally supported a positive relationship between efficacy and 
oral health behaviours/outcomes (Adair et al., 2004; Strecher et al., 1986; Tedesco et 
al., 1993). This study has conflicting findings as increased caries susceptibility in 
children was observed when parents placed an importance on baby teeth. In infants 
and toddlers, the high intake of snacks between meals may result from their primary 
caregivers’ indulgence in giving their children snacks upon their request or with the 
intention to comfort/pacify them during temper tantrums. This behaviour may be 
culturally determined. Contrastingly, GUSTO children had less decayed teeth when 




The prolonged exposure of sugary liquids at bedtime and the later weaning age have 
been linked to ECC (Kaste and Gift, 1995). It is recommended that the child be 
weaned to a cup by the age of one year (Nowak and Casamassimo, 1995) and the first 
dental appointment should also occur at that time, preferably during the first six 
months following the eruption of his/her first teeth, but no later than his/her first 
birthday (AAPD, 2004b; Kowash et al., 2000). However, most parents wait until the 
eruption of the primary dentition is nearly completed between two to three years of 
age. Factors that may be associated with infrequent dental attendance include 
financial barriers and dental anxiety (Roberts-Thomson and Slade, 2008). While 
dental visits within the first two years of life could not be taken into consideration in 
the models due to the type of modelling mentioned in the first section of this chapter, 
weaning onto solids by 9 months of age and the “appropriate” age at which the child 
would go for his/her first dental visit were not found to be significant ECC 
determinants. 
 
Parents’ poor dental history and dental hygiene habits have associations with ECC 
and mothers are known to have a biological role in the first microbial colonization of 
their children’s teeth (Buttner, 1995). Children’s own personal hygiene habits are a 
crucial factor, though they are not developmentally ready to brush their teeth 
independently in their first two years of life. Thus, parents’ regular brushing of their 
children’s teeth may be a reflection of their child-rearing skills (Mattila et al., 2000). 
It is recommended that a small pea-sized amount of toothpaste be used daily and only 
after the child is able to demonstrate that he or she can spit out the toothpaste (Levy et 
al., 1995a; Levy et al., 1995b). Though it has been hypothesized that regular brushing 
(twice a day) with a fluoride toothpaste may have a greater impact on caries in young 
children than the restriction of sugary foods (Gibson and Williams, 1999), this study 
presents conflicting findings as ECC increased when there was increased tooth-
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brushing frequency, and fluoride toothpaste was used. This could be partially 
explained through the high intake of snacks and brushing at irregular intervals.  
 
Exposure to second-hand smoke (SHS) during tooth formation may influence 
mineralization and enhance colonization of cariogenic bacteria on rough tooth 
surfaces (Chowdhury and Bromage, 2000; Heikkinen et al., 1997; Saad, 1990). Such 
event could predispose subjects to infections through suppression or modulation of 
the immune system (Kum-Nji et al., 2006). Effects of SHS regarding tooth formation 
during pregnancy and after delivery are still unclear. Environmental tobacco/second-
hand smoke (ETS/SHS) has been suggested to have a causal role in caries formation 
as it has immunosuppressive properties. Not only has nicotine been shown to promote 
the growth of S. mutans (Lindemeyer et al., 1981), but also ETS is associated with 
decreased serum vitamin C levels in children, which in turn are associated with 
cariogenic bacterial growth (Strauss, 2001; Vaananen et al., 1994). GUSTO children 
were at higher risk of developing caries lesions when their mothers were exposed to 
tobacco smoke during pregnancy. It is recommended to determine whether ETS/SHS 
during early childhood could also enhance caries susceptibility in this group of 
population. 
 
















4.4.6 Biological Factors 
 
During and shortly after birth, oral epithelial surfaces of infants are colonized by 
various bacterial species, which are members of the indigenous microbiota and play 
an important role in host defence (Murray et al., 2002). Predominant pioneer bacteria 
colonizing the oral cavity of infants during the first few days of life include 
Streptococcus oralis, S. mitis and S. salivarius (Pearce et al., 1995; Smith et al., 
1993), while S. sanguis and S. mutans come in at approximately 1 and 2 years, 
respectively (Caufield et al., 1993; Caufield et al., 2000). Large numbers of bacterial 
cells in the mother’s oral cavity lead to MS implantation in the child immediately 
after the first primary teeth erupts into the oral cavity (Jordan et al., 1972; Kohler et 
al., 1983).  
 
Though the finger-sucking habit was shown to be a risk factor, sharing feeding 
/drinking utensils between the primary caregiver and child was observed to have a 
protective effect from ECC development in GUSTO subjects. The presence of visible 
bacterial plaque is an important clinical indicator, which is positively correlated with 
caries prevalence (Mattos-Graner et al., 1998) and has been demonstrated to be a 
strong predictor of caries at 5 years of age (Mattila et al., 1998). This study supports 
earlier findings as ECC risk increased when the plaque index score increased. 
Furthermore, biofilm samples are collected from one random upper central incisor 
and tongue dorsum at the 24- and 36-month time point. Using a validated Rapid 
Multiplexed Barcode Microbiome Sequencing (RMBMS) method, the oral 
microbiome in young children will be detected and quantified. 
         
Various studies have demonstrated the molars’ occlusal surfaces to be the most 
susceptible to dental caries (Barr et al., 1957; Berman and Slack, 1973; Dummer et 
al., 1990; Hannigan et al., 2000; McDonald and Sheiham, 1992). These surfaces 
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remain the most common sites for tooth decay during childhood and adolescence, 
when compared to proximal and smooth surfaces (McDonald and Sheiham, 1992). 
Primary teeth have a lengthy pre- and postnatal development period. The matrix 
formation and subsequent calcification begins on the 15th week of gestation and 
continues throughout the first few months after birth (Moore and Persaud, 1998). 
Fewer carious lesions were observed within the first year after tooth eruption, but a 
burst of activity was noted 2-3 years later (Carlos and Gittelsohn, 1965). Caries rates 
typically, but not invariably, slow down as the post-eruptive age increases (Mejare 
and Stenlund, 2000). In this study, both non-cavitated and cavitated lesions were 
recorded based on the ICDAS scoring criteria. Buccal surfaces were the most 
common sites affected, reflecting the ECC pattern at this age. Interestingly, the caries 
decreased with increasing number of teeth erupted by 24 months of age.  
   
4.5 Confounding Factors 
 
Four confounding factors were consistently adjusted for in every model of this study: 
a. Ethnicity 
b. Child’s gender 
c. Mother’s education level 
d. Household income  
 
Ethnic and gender variations in tooth eruption timings have been long established 
since the 1950s, particularly for the permanent dentition. The multi-ethnic nature of 
Singapore’s population helps address the influence of ethnicity on the eruption of 
primary dentition and general health as well. This is the first comprehensive cohort 
study reporting the eruption of the primary dentition in Asian children. In comparison 
to the other populations, ranging from 6.6 to 8.47 months, this study revealed slightly 
delayed eruption timing in GUSTO children (Al-Jasser and Bello, 2003; Lysell et al., 
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1962; Magnusson, 1982; Oziegbe et al., 2008; Plutzer et al., 2012; Zadzinska et al., 
2013).  
 
Gender has been reported to have either no effect or minimal, yet significant, effect 
on eruption timing in favour of boys or girls (Baykan et al., 2004; Choi and Yang, 
2001; Holman and Yamaguchi, 2005; Nystrom et al., 2000; Shuper et al., 1985). 
Knowledge about tooth eruption may be associated with education level, as shown by 
a cross-sectional study with 550 parents of children aged 6 to 36 months (Kakatkar et 
al., 2012). Parents who were graduates/post-graduates, professionals and/or belonged 
to a higher income group showed better knowledge about teething signs and 
symptoms (p<0.01). While some studies have not demonstrated a statistical 
significant influence of SES on the number of teeth erupted (Bambach et al., 1973; 
Singh et al., 2000), a cross-sectional study in Nigerian children (aged 7-24 months) 
showed children from the high SE group to have about 2-5 more erupted teeth when 
compared to children from the low SE group of comparable age (Enwonwu, 1973).  
 
The perception of teething problems was widespread as every strata of the sample 
population irrespective of ethnicity, education or household income. In a Nigerian 
cross-sectional study on 1,103 mothers of children aged 4 to 36 months, 60% of the 
subjects belonging to the high socioeconomic (SE) class reported teething problems 
in their children (Oziegbe et al., 2009). On the other hand, 76.7% and 77.9% of 
mothers belonging to middle and low SE classes, respectively, reported teething 
problems. There was a statistical significance in teething problems reported by the 
high SE class in contrast to the other two groups, with fever, diarrhoea and vomiting 
as the highest ranking signs/symptoms. It is possible that parents of high SES may 
have more positive health attitudes and take better care of their children, including 




Caries rates have been found to vary by ethnic and cultural differences, which can 
also influence tooth-brushing habits, dietary patterns, and perceived 
seriousness/individual control of tooth decay (Adair et al., 2004; Hilton et al., 2007). 
Dietary factors have not only been found to be associated with ECC, but also 
traditional cultural norms and SES help shape attitudes towards eating behaviours 
associated with this particular disease (Mobley et al., 2009). Ethnicity has been found 
to be associated with differences in food-related beliefs, preferences, and behaviours. 
Ethnic differences in food choices and inappropriate infant feeding practices may 
increase the risk of malnourishment during pregnancy, infancy, childhood, and 
adolescence and subsequently the manifestation of altered tooth morphology and 
eruption patterns (Oliveira et al., 2006). There is a strong association between family 
income and caries prevalence. Preschool children from low-income families are more 
likely to have caries (Beck, 1998; Vargas et al., 1998). Even though children from 
high-income families may have lower caries prevalence, where there is caries 
development, the severity of disease is similar to that of low-income children 




As part of Singapore’s largest birth cohort up to this date, the main oral health 
findings are as follows: 
- The mean eruption timing of the first tooth among children born at NUH/KKH 
and recruited between 2009 and 2010 by GUSTO was 8.5 months. Delayed ETFT 
was shown to be enhanced by low birth length/head circumference and children’s 
health prior to the eruption of the first tooth. 
- The mean number of teeth erupted by twenty-four months of age was similar for 
both boys and girls: 16.42 and 16.46, respectively.  
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- The prevalence of teething problems up to eighteen months of age was 76.7% in 
Chinese, 8.6% in Malays and 34.3% in Indians. Maternal health and diet during 
pregnancy/confinement period, as well as delivery/birth events, were important 
determinants for the presence of systemic disturbances during teething periods. 
- With a caries prevalence rate of 18% within the GUSTO cohort, both maternal and 
child health played an important role in ECC development by the age of two years. 
This study used a modified scoring system to capture both non-cavitated and 
carious lesions in primary teeth.  A previous study in Singaporean preschoolers (3-
5 years old), using dmft, showed about 40% of children being affected by caries 
and 12 months later, 44% of them developed new caries lesions. This birth 
cohort’s month-36 time point will provide further information on the ECC 
incidence rate by the time the child reaches his/her third birthday. Comparisons of 
caries prevalence were made between Singapore and other countries (Tables 1.2-
1.5 in Chapter I). Overall, GUSTO children had a lower dmft by the time they 
were two years old.  
 
Multiple factors/indicators were identified and the various models in this study may 
serve as potential tools to construct risk assessment models and further understand 
oral-systemic links. The continuous monitoring of events happening throughout 
pregnancy and infancy might provide an insight into individual variations and the 
different biological, behavioural, environmental and social mechanisms. Thus, they 
can provide important reference for further exploration of models involving the 




a. The eruption timing of the first tooth in Singaporean children is slightly delayed 
when compared to other global populations.  
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b. The perception of teething problems is high among Singaporean primary 
caregivers.  
c. Early childhood caries is an oral health problem affecting a considerable 
proportion of preschoolers in Singapore by the time they reach 2 years old.  
 
The continuous data collection up to 24 months of age revealed significant 
determinants for eruption timing of the first tooth, presence of teething problems and 
early childhood caries. Significant links were observed between children’s oral health 
and events occurring during pregnancy and early infancy. Subsequently, the 
construction of models involving/combining different stages will help facilitate the 
construction and validation of cost-effective risk assessment and prediction models 
for early clinical intervention and further establish potential oral-systemic links.    
 
4.8 Further Studies and Development 
 
Based on the current findings, the following further studies and development could be 
considered: 
a. Qualitative and quantitative analysis of prenatal/infant nutrient intake and caloric 
supplementation: food diaries are ideal to have a further insight on the effects of 
maternal/infant dietary intake on different oral health outcomes. 
b. Application of models in clinical practice: the performance and impact of these 
models on different oral health outcomes could be evaluated. 
c. Construction of prediction models and validation using both 24- and 36-month 
clinical data: to evaluate the potential of caries risk assessment models in 
predicting the long-term caries risk in children. 
d. Oral microbiome analysis: the biofilm sample collection during the 24- and 36-
month clinic visits can lead to the comparison of oral and gut microbiome data 
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within GUSTO to elucidate the potential mechanism(s) involved in the oral-
systemic links.  
e. Follow-up of GUSTO children up till their permanent dentition erupts and is 
completed: to explore the eruption timing of the first permanent tooth and explore 
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Figure 4.3. Direct/Indirect Effects of SHS on Dental Caries 
 
